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PREFACE. 


The  prefent  publication  is  an  outline 
of  a courfe  of  Ledures  on  Ghemiftry, 
delivered  by  the  Author,  and  is  publilhed 
principally  with  the  defign  of  facilitat- 
ing  the  ftudy  of  the  Science  to  thofe 
to  whom  thefe  Ledures  are  addrelTed. 

Convinced  that  a mere'  enumeration 
of  the  fubjeds  which  the  courfe  includes, 
would  be  very  imperfedly  adapted  to  that 
defign,  he  has  endeavoured,  by  a concife 
Ratement  of  leading  fads  and  principles, 
to  render  this  abftrad  of  more  general 
utility,  and  to  frame  a work  which  may 
ferve  as  an  elementary  introdudion  to 
Chemiftry.  With  this  view,  he  has  en- 
deavoured 


VI. 

deavoured  to  render  it  every  where  fimple 
and  perfpicuous ; and  he  trufts,  that  the 
fyflematic  arrangement  he  has  adopted, 
will  be  found  calculated  to  exhibit  to  ad- 
vantage the  elements  of  the  fcience. 

Convinced  alfo,  that  the  principal  ob- 
jed  of  the  teacher  ought  to  be  to  illuftrate 
and  eflablifh  the  general  principles  and 
mold  important  applications  of  the  branch 
of  knowledge  of  which  he  treats,  he  has 
allotted  a comparatively  large  ihare  of 
attention  to  thefe  fubjedls ; an  extenhon 
of  his  plan,  which  requires  lefs  apology, 
as  the  theoretical  part  of  chemiftry  is 
in  general  too  briefly  noticed  in  elemen- 
tary works.  In  conformity  to  the  origim, 
al  deflgn  of  this  publication,  he  has. alfo*  ' 
ftated  the  principal  arguments  on  feveral 
important  Chemical  queftions,  at  prefent 
the  fubjedd  of  difpute,  in  the  difeuflion  of 
which  ihe  is  obliged,  in  the  courfe  of  his 
leddures,  to  engage.  It  may  be  neceflary. 
for  him  to  remark,  with  refpedd  to  the 
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opinions  he  nmay  have  offered  on  thefe  and 
fome  other  fubjeds,  that,  as  in  this  ab- 
ftrad  they  muft  be  very  concifely  dated, 
they  may  appear  to  lefs  advantage  than 
when  accompanied  by  thofe  illuftrations 
' and  collateral  arguments  which  contri- 
bute to  their  fupport.  For  this  unavoid- 
able irnperfedion,  candid  criticifm  will 
make  due  allowance.  — In  the  difcuffion' 
of  one  of  the  mod  important  of  thefe 
quedions,  that  refpeding  the  nature  of 
radiant  caloric  and  the  heating  power 
of  folar  light,  he  is  flattered  to  find,  that 
the  conclufions  which  he  has  deduced  from 
the  valuable  experiments  of  Dr.  Herfchd 
in  the  2d  part  of  the  Philofophical 
Tranfadions  for  the  prefent  year,  are 
the  fame  as  thofe  which  the  Dodor  has 
edablilhed  in  the  fequel  to  his  papers',  in 
the  3d  part  of  the  fame  volume,  publiflied 
while  the  lad  fheet  of  this  volume  was  in 
the  prefs.  Thefe  conclufions  are,  that  radi- 
ant caloric  is  entirely  different  from  light, 
and  that  vifible  light  has  no  heating 

power ; 


viii. 

power  ; and  the  fame  opinions',  fupported 
« 

by  arguments  fomewhat  different,  were 
delivered  by  the  Author  in  his  lafl  courfe 
of  Ledures,  and  are  briefly  dated  in  this 
treatife.  . • *■ 

It  is  perhaps  fcarcely  neceffary  to  add, 
that  every  care  has  been  taken  to  com- 
prife  in  thefe  Outlines  the  mofl:  recent 
chemical  difcoveries; , and,  on  every  fub- 
jed,  to  relate  the  fads  with  that  accuracy 
which  is  indifpenfible  to  give  value  to 
an  elementary  work. 

Edinburgh,  iijl  April,  i8oi« 
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Chemistry  u the  principal  branch  of  that 

department  of  Phylical  Science  which  invcftigates 
the  adions  exerted  between  the  minute  parti- 
cles of  matter.  Befides  the  general  tendency 
which  bodies,  even  in  the  largcft  maffcs,  and  at 
the  greateft  diftances,  have  to  approach,  until 
they  come  into  apparent  contad,  the  exertion  of 
which  gives  rife  to  all  thofe  fenlible  motions 
that  compofe  fo  important  a part  of  the  econo- 
my of  the  univerfe ; there  exifts  a fimilar  power 
of  attradion  between  the  minute  ultimate  parti- 
cles of  matter,  which  tends  to  bring  them  into 
intimate  union.  This  power  exerted  between 
the  particles  of  heterogeneous  bodies,  is  termed  ' 
Chemical  Attradion,  or  Affinity.  From  its  exer- 
tion, different  bodies,  placed  under  certain  cir- 
cumltances,  adupon  each  other,  fo  as  to  form  fub- 
ffances  diftipguifljed  by ’the  poffcffion  of  new 
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properties ; and  the  inveftigation  of  fuch  adions 
conftitutes  by  far  the  moft  extelifive  and  im- 
portant part  of  the  Science  of  Chemiftry. 

There  is  another  power,  that  of  Heat,  or  Ca- 
loric, likewife  exerted  between  the  minute  par- 
ticles of  matter ; which  tends  not  to  unite 
them,  but  to  place  them  at  greater  diftances 
from  each  other.  It  expands  bodies,  renders 
them  fluid,  or  converts  them  into  vapour;  and 
it  always  modifies,  by  its  action,  the  exertion  of 
chemical  attradlion.  Its  properties,  therefore, 
the  effeds  it  produces,  and  the  laws  by  which 
it  ads,  are  fubjeds  of  chemical  inveftigation. 

Such  is  the  nature  of  Chemical  Science.  It 
inveftigatcs  the  changes  arifing  from  thefe  two 
powers.  Chemical  Attradion  and  Caloric ; and 
determines  the  laws  by  which  thefe  changes 
are  regulated. 

% 

Chemical  Attradion,  the  firft  of  thefe  powers, 
is  clearly  diftinguiflied,  by  its  mode  of  operation, 
from  the  other  fpecies  of  attradion  with  which 
matter  is  endowed.  The  Attradion  of  Gravita- 
tion is  exerted  between  large  mafles  of  matter, 
and  at  the  greateft  diftances : the  phenomena  it 
\ produces 
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produces  aiife  merely  from  changes  of  place  in 
the  bodies  operated  on,  and  are  accompanied  by 
no  change  of  properties,  nor  any  permanent  u-  - 
nion.  The  Attraction  of  Cohefion,  or  Aggrega- 
tion, is  exerted  between  particles  of  the  fame 
kind  of  matter,  and  forms  aggregates  polTelTed 
merely  of  the  properties  of  the  particles' of  which 
they  are  compofed.  Chemical  Attradion  is  ne- 
ceflarily  exerted  between  the  particles  of  differ- 
ent kinds  of  matter ; in  order  to  its  being  ex- 
erted, thefe  particles  muft  be  nearly  in  contad  ; 
they  are  fo  intimately  united  as  to  form  a homo- 
geneous mafs,  indeftrudiblc  by  mechanical  means ; 
and  properties  more  or  lefs  new  are  always  ac- 
quired. It  is  to  chemical  union  that  the  vail 
variety  of  fubftances  exifting  in  nature  owe  their 
origin,  as  they  arc  all  formed  from  the  combina- 
tions of  a few  fimple  principles. 

The  fimpleft  cafe  of  the  exertion  of  chem- 
ical attradion,  is  that  where  two  bodies,  placed 
in  contad  with  each  other,  form  a dried 
union.  In  chemical  language,  this  is  termed 
Combiaation  : the  fubftance  produced  a com- 
pound; and  the  bodies  from  which  it  has  been 
formed,  its  conftituent  principles,  or  component 
parts.  Thefe  are  retained  in  union,  by  a force 

of 
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of  attraCliotn,  which  in  different  bodies  is  very 
different ; but  which  is  always  fuch,  that  the 
compound  refills  any  mechanical  force  em- 
ployed to  difiinite  its  principles  ; and  can  be  de- 
compofed  only  by  the  exertion  of  a fuperior 
chemical  power.  The  properties  of  a compound 
are  in  general  very  different  fijorn  thofe  of  the 
component  parts. 

Chemical  Union  may  be  illuft  rated  by  the 
following  example  ^ If  a quantity  of  any  fub- 
llance,  not  foluble  in  water,  or  very  fparingly  fo, 
fuppofe  it  to  be  the  earth  termed  Magnefia,  be 
diffufed  in  a portion  of  that  fluid,  a white  turbid 
mixture  is  formed,  which,  upon  Handing  fuffici*. 
ently  long  at  reft,  depofits  a powder ; the  fluid 
above  remaining  tranfparent.  In  this  cafe,  no 
chemical  adlion  has  taken  place  ; the  magnefia 
and  the  water  have  been  merely  mechanically 
mixed,  but  have  not  combined,  fince  on  Handing 
they  feparate,  each  obeying  its  fpecific  gravity. 

But  fuppofe  that  to  the  mixture  of  Magnefia 
and  water,  a fraall  quantity  of  another  fluid,  term- 
ed Nitric  acid,  be  added,  a change  very  quickly 
appears.  The  turbid  mixture  becomes  tranfpar*. 
ent,  and  the  properties  of  the  acid,  and  of  the 

magnefia, 


INTRODUCTfON*  5 

magnefia,  are  entirely  loft  by  their  entering  into 
chemical  union. 

It  is  this  intimate  union,  this  formation  of  a. 
new  kind  of  matter,  in  which  the  particles  of  the 
former  fubftances  can  no  longer  be  diftinguifti- 
cd,  and  in  which  new  properties  are  acquired » 
that  charadterifes  chemical  combination. 

When  a compound  is  formed,  if  left  to  itfelf, 
it  remains  unchanged,  its  principles  haring  no 
tendency  to  feparate.  JBut  if  it  is  placed  under 
certain  circumftanccs,  in  contact  with  another 
body  which  has  an  attradtion  to  one  of  its  com- 
ponent parts,  fuperior  to  the  attraction  by  which 
thefe  are  united,  the  two  between  which  the  at- 
traction is  ftrongeft  combine,  and  the  other  is 
feparated.  Thus,  if  tb  the  above  compound  of 
Magnclia  and  Nitric  acid,  the  fubftance  termed' 
Potafti  is  added,  it  combines  with  the  Nitric  a- 
cid,  and  the  Magnefia  is  depofttcd  with  its  pro- 
perties unchanged.  ‘ In  the  language  of  Che- 
miitry  this  is  termed  Decompolition,  and  it  is  as 
extenlive  in  its  agency  as  Combination. 

In  many  cafes,  both  of  Combination  and  De- 
compofition,  chemical  aCtion  is  rendered  ftill  more 
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ftrikiag,  by  the  phenomena  which  it  exhibits 
while  it  is  taking  place  ; as  by  the  produdion  of 
heat  or  light,  by  the  extrication  of  air,' or  by 
' change  of  colour,  of  form,  or  of  other  proper- 
ties in  the  bodies  combined. 

The  great  objeds  of  chemical  refearch  are  to 
trace  the  various  combinations  exifting  in  nature, 
and  thofe  capable  of  being  effeded  by  art.  In 
thefe  inveftigations,  the  Chemift,  proceeding 
through  innumerable  decompolitions,  ultimately 
arrives  at  a few  bodies,  which  he  is  unable  far- 
ther to  decompofe,  or  to  refolve  into  two  or 
more  component  parts,  fo  as  to  afeertain  that  they 
are  compounds.  Thefe  therefore  he  confiders  as 
Simple  Subftances,  or  Elements,  wdiich,  by  their 
various  combinations,  form  every  other  kind  of 
matter  that  can  be  produced.  He  traces  them 
through  all  their  combinations,  obferves  the  phe- 
nomena by  which  thefe  are  accompanied,  the 
laws  according  to  which  they  are  produced,  the 
properties  of  the  compounds  which  are  formed, 
and  the  farther  combinations  into  which  thefe 
compounds  are  capable  of  entering.  To  fuch 
inveftigations,  which  form  the  principal  part  of 
Chemical  Science,  we  are  indebted  for  our  know- 
ledge of  many  of  the  phenomena  of  nature,  and 
• , the 
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the  eftablilhment  and  improvement  of  iDdriy  of 
the  arts. 

The  other  department  of  Chemiftry  is  that 
which  relates  to  the  properties  and  modes  of  ac- 
tion of  Caloric.  It  of  courfe  comprehends  tlie 
confideration  of  expanlion,  fluidity,  and  vaporif- 
ation  ; of  the  manner  in  which  Caloric  is  trans- 
mitted through  bodies;  of  the  quantities  of  it 
which  they  contain  ; of  its  extrication  and  ab- 
forption  ; and  of  its  influence  on  the  exertion  of 
chemical  attraction. 

The  APPLICATIONS  of  Chemiftry,  and  its  Con- 
nexions with  the  other  Sciences,  are  extenlive 
and  important ; many  of  the  phenomena  which 
nature  prefents  to  our  obfervation,  arifing  from 
the  chemical  aXions  of  various  fubftances  on  each 
other,  and  many  of  the  arts  being  nothing  more 
than  a feries  of  chemical  procelTes.  - 

Thus,  in  the  general  economy  of  nature,  the 
temperature  of  the  globe,  and  the  caufes  of  its 
variation  ; the  evaporation  of  water ; the  forma- 
tion of  clouds,  rain,  dew,  fnow ; the  appearance 
of  meteors,  and  other  changes  produced  in  the 
atmofphere ; the  corruption  and  amelioration  of 

the 
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tlie  air  ; the  temperatHire  and  impregnations  of 
fprings ; the  formation  of  minerals ; the  difpofi- 
tion  of  the  ftrata  of  the  earth  ; thefe  arc,  more  or 
lefs,  the  reftij^t'  of  chemical  action,  and  are  there- 
fore to  be  ei^plained  on  chemical  principles. 

To.  natural  hiftory,  Cheraiftry  lends  the  moll 
cffential' aid.  ft  in  particular  enables  the  Miner- 
alogift  to  diftinguilh  and  arrange  thofe  produc-. 
tions  of  nature  which  it  is  the  objcdt  of  his 
fcience  to.invelligate. 

In  the  animated  world,  chemical  influence  is 
not  Icfs  perceptible.  It-  explains  the  growth  and 
nutrition  of  organifed  beings,-  and  the  formation, 
of  all  their  products ; and  is  often  able  to  point 
out  the  caufes  of  thof©  derangements  which  their 
funfSUons  fulfer  from  external  agents.  Hence  the* 
intiipatC’  conneigipns  which  Chemiftry  has  with 
Medicine,  and  witkaninjal  and  vegetable  Phylio- 
logy. 

Pharmacy  is  merely  a branch  of  this  fcience ; 
its  object  being  the  preparation  of  fubftances  em- 
ployed as  remedies,  and  thefe  being  in  general 
the  refuU«.  of  chernical  procefles. 


With 
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With  the  Arts,  Chemillry  ii  not  lefs  exten- 
lively  Gonnedlcd  than  with  the  Sciences.  Diffe- 
rent fub fiances  adl  upon  each  other  when  placed 
in  certain  circumflances,  fo  as  to  produce  certain 
effedts,  which,  were  thefe  circumflances  not  at- 
tended to,  >vould  not  take  place.  The  arrange- 
ment, and  management,  in  particular  cafes,  of 
fuch  circumflances,  fo  as  to  produce  thefe  effedls, 
conflitute  the  various  chemical  arts; 

Agriculture,  the  firfl  of  the  arts,  is  nothing 
more  than  the  jufl  application  of  the  principles  of 
vegetable  phyfiology,  fo  as  to  obtain,  at  the  leafl 
expence,  the  largefl  produce  from  ufeful  plants. 
Chemiflry  explains  the  gro'v^h  and  nutrition  of 
vegetables,  difeovers  the  modes  of  adlion  of  ma- 
nures, teaches  their  proper  application,  and  dif- 
eovers the  nature  of  any  foil. 

In  the  application  of  the  products  of  Agricul- 
ture, the  influence  of  this  Science  is  flill  to  be 
traced.  The  arts  of  making  bread,  of  brewing, 
of  diflilling,  of  making  flarch,  fugar,  vinegar,  of 
varnifh-making,  of  bleaching,  and  of  dyeing,  are, 
flridlly  fpeaking,  nothing  more  than  chemical 
proceffes.  Such  alfo  are  thofe  arts  which  apply 
to  ufefijl  purpofes  the  produdls  of  the  animal 

G kingdom, 
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kingdom  ; as  tanning,  making  of  foap,  of  giue, 
and  many  others. 

Metallurgy,  or  the  art  of  extradling  the  me- 
tals from  their  ores,  that  of  purifying,  of  forg- 
ing, and  of  calling  them ; that  of  making  me- 
tallic alloys,  or  metallic  compounds  for  painting 
and  dyeing,  the  procelTes  of  glafs- making  and 
enamelling,  and  the  fabrication  of  pottery  and 
porcelain,  are  likewife  arts  the  principles  of  which 
are  immediately  dependent  on  Chemical  Science.  ! 

Laftly,  various  applications  to  purpofes  of  uti- 
lity are  likewife  ■made  of  the  elFeds  attending 
chemical  adion  ; as  of  the  expanlive  force  of  1 
fleam  in  the  fleam  engine,  or  that  of  the  airs  I 
which  are  difengaged  in  the  detonation  of  gun-  i 
powder.  j 

I 

In  arranging  this  vail  body  of  knowledge, 
either  diredly  chemical  or  conneded  with 
Chemillry,  various  plans  have  been  followed,  j 
Thefe  may  in  general  be  reduced  to  two  kinds ; i; 
one,  in  which  the  arrangement  is  founded  on  the  i: 
phylical  and  chemical  properties  of  bodies ; the  o-  |- 
ther  in  which  their  chemical  compolition  only  is 
regarded. 


Of 
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II 


Of  the  firft  kind  is  the  old  divifion  of  the  che- 

/ 

mical  agents,  into  Salts,  Earths,  Inflammables, 
Metals,  and  Waters ; each  of  thefe  clafles  con- 
taining a number  of  fubftanccs,  diftinguiflied  by 
the  pofleflion  of  fome  common  properties,  and  be- 
ing fubdivided  into  orders  and  genera,  in  which 
the  fame  principle  of  arrangement  is  obferved. 

It  requires  no  minute  inveftigation  to  difeover 
the  imperfedlions  of  this  method  ; for,  as  the 
principal  objed:  of  chemical  inveftigation  is  to 
difeover  the  compofition  of  bodies,  and  their 
combinations  with  each  other,  it  is  evident  that 
any  arrangement  in  which  the  compofition  is 
difregarded,  muft  be  imperfedly  calculated  to 
facilitate  the  ftudy  of  the  Science.  Simple  and 
Compound  fubftances  will  be  placed  in  the  fame 
clafs : in  whatever  order  the  clafles  be  diftnbut- 
ed,  compounds  will  frequently  fall  to  be  con- 
fidered  before  the  Ample  bodies  of  which  they 
are  formed,  by  which  every  advantage  of  arrange- 
ment is  loft  : and,  laftly,  feveral  ot  the  moft  im- 
portant chemical  agents  are  ifolated  in  their  pro- 
perties, and  cannot  with  propriety  be  brought  un- 
der any  of  the  eftablilhed  claflTes. 

In  that  arrangement  founded  folely  on  the 

chemical 
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chemical  nature  or  compolition  of  bodies,  thefe 
difadvantages  arc  avoided.  The  Simple  fub- 
ftances  are  firft  confidered,  and  afterwards  the 
Compounds  which  they  form : and  thefe  may  be  fo 
arranged,  that,  on  the  one  hand,  anticipation  fhall 
not  be  ncceflary  ; and  on  the  other,  every  fub- 
llance  may  be  fully  deferibed. 

I 

On  this  plan  is  founded  the  arrangement 
which  is  to  be  obferved  in  this  work. 


CHAP. 
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CHAP.  I.  ■ 


OF  THE  CHEMICAL  OPERATIONS  AND 
APPARATUS. 


The  great  objed  of  Chemical  inveftigation  is  to 
difcover  the  compofition  of  Bodies.  This  is  ef- 
fected, either  by  decompofing  them  into  two  or 
more  conflituent  principles,  or  by  forming  them 
from  the  combination  of  certain  fubltanecs.  The 
former  procefs  is  in  chemical  language  termed 
Analyfis ; the  latter,  Synthefis : and  under  thefe 
are  comprehended  the  greater  part  of  the  opera- 
tions of  Chemiftry. 

Analyfis,  which,  from  this  definition  of  it,  is 
merely  fynonymous  with  Decompofition,  is  effcdl- 
ed  either  by  the  agency  of  Caloric,  or  by  the  ex- 
ertion of  a fuperior  Affinity. 

It  frequently  happens  that  when  a compound 
is  expofed  to  a high  temperature,  the  force  of  at- 

tradlion, 
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tra6lion  exifting  between  its  principles  is  weak- 
ened, and  they  feparate;  and  one  of' them,  be- 
' ing  in  general  more  volatile  than  the  other,  is 
expelled. 

I 

In  other  cafes,  a compound  is  not  decompofed 
by  the  moft  intenfe  heat : but  if  it  be  mixed  with 
fome  other  chemical  agent,  and  placed  under  cir- 
cumftances  favourable  to  the  exertion  of  chemi- 
cal attradion,  the  fubftance  mixed  with  it  may 
combine  with  one  of  its  component  parts,  when 
of  courfe  the  compound  will  be  decompofed,  and 
from  the  produds,  its  conftituent  principles  may 
be  afeertained. 

Thefe  are  cafes  of  Simple  Analyfis : others 
more  complicated  are  thofe,  in  which  two  com- 
pounds are  mixed  together,  and  a complete  ex- 
change of  their  principles  takes  place ; or  in 
which  a compound  confifting  of  feveral  princi- 
ples is  expofed  to  a high  temperature,  by  which 
its  principles  are  feparated,  but,  inftead  of  palling 
> otf  pure,  they  enter  into  new  combinations  with 
each  other. 

When  analyfis  has  been  accomplilhed,  the 
principles  which  have  been  feparated  may  fre- 
quently 
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quently  be  again  combined,  fo  as  t©  form  the  bo- 
dy that  was  decompofed.  This  is  termed  Syn- 
thcfis,  and  it  is  always  the  furcfl;  proof  of  the  ac- 
curacy of  the  Analyfis. 

As  the  exertion  of  Chemical  Attradion  is 
much  influenced  by  various  caufes,  ---  the  tempe- 
rature of  bodies,  their  ftatc  of  aggregation,  &^c. ; 
certain  artificial  arrangements  of  circumftances 
are  generally  requifite,  in  order  that  combinations, 
or  decompofitions,  may  take  place.  Similar  ar- 
rangements arc  neceflary  to  colled  the  produds 
of  thefe  adions.  Thefc  conftitute  the  Operations 
of  Chemiftry, 

The  circumftance  moll  requifite  to  the  exer^ 
tion  of  Chemical  Attradion  is  the  minute  divi- 
fion  of  bodies,  or  the  diminution  of  that  force  of 
cohefion,  by  which  the  tendency  to  combination 
is  counteraded.  Several  preliminary  operations 
are  had  recourfe  to  with  this  view, — as  Pulverifa- 
tion,  in  which  the  body  is  reduced  to  powder  by 
beating ; Trituration,  where  the  fame  effed  is 
produced  by  rubbing ; and  Levigation,  where  the 
powder  is  reduced  to  a greater  finenefs  by  long 
continued  rubbing  with  a fmall  quantity  of  wa- 
ter, or  any  other  fluid  which  is  not  capable  of 

diflblving 
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difl()lving  it.  Thcfc  operations,  are  performed  iP 
mortars  of  metal,  marble,  earthen  ware,  or  glafi. 
Sifting  is  the  operation  by  which  the  finer  parti- 
cles of  the  powder  arc  feparated  from  the  coarfef 
by  a fievc  : Wafliing,  that  in  which  the  fame 
end  is  attained  by  diffufing  the  powder  in  water, 
allowing  the  coarfir  particles  to  fubfide,  pouring 
off  the  fluid  which  holds  the  finer  fulpended,  arid 
allowing  thefe  to  be  depofited.  The  metals, 
from  their  greater  hardnefs,  require  to  be  filed 
down,  to  be  hammered  into  thin  leaves,  or  to  be  1 
granulated,  by  pouring  them,  when  melted,  thro* 
a perforated  plate  into  water. 

Thefe  operations  are  very  far  from  reducing 
bodies  to  their  minute  integrant  particles,  be- 
tw'ecn  which  only  attradlion  . is  exerted.  They 
are  therefore  merely  preliminary  to  thofe,  in 
which  fuch  an  extreme  divifion  is  obtained  by  | 
chemical  means.  ; 

I u 

Of  thefe,  the  firft  is  Solution ; by  which  is  to  be  e 
underftood,.  that  operation  in  which  a folid  body  I 
combines  with  a fluid,  in  fuch  a manner  that  I 
the  compound  retains  the  fluid  form,  and  is  !; 
tranfparent  and  permanent.  Perfeefl  tranfparen-  i 
cy,  and  the  permanent  fufpenfion  of  the  folid,  -i 
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are  the  marks  of  perfedl  fjlution,  by  which  it  is 
diftinguiOied  from  fimple  mixture,  or  mechanical 
diffufion. 

Chemiftry  is  indebted  to  Newton  for  the  firil 
juft  view  of  the  nature  of  this  operation.  He 
rejedted  the  vague  explanations  which  fuppofed  it 
to  depend  on  the  figures  of  the  particles,  by 
which  the  one  body  was  fitted  to  break  down  the 
other ; and  afcribed  it  folely  to  an  attradlion  fub- 
filling  between  the  particles  of  the  two  bodies, 
by  which  they  were  united. 

In  chemical  language,  the  fl  .id  body  is  termed 
the  Solvent,  or  Menftruum ; the  folid,  the  Solvcnd. 
This  diftinjflion  mull  not  be  underllood  as  con- 
veying the  idea,  that  the  one  body  is  more  adlive 
in  the  operation  than  the  other : the  attradlion 
by  which  it  is  produced  is  mutually  exerted. 

In  general,  the  folution  of  a folid  in  a fluid  can 
oe  carried  only  to  a certain  extent ; a given 
quantity  of  it  being  dillblved,  and  no  more, 
though  the  fluid  be  kept  over  it  for  any  length 
of  time.  This  is  termed  Saturation,  and  the 
fluid  in  fuch  a cafe  is  faid  to  be  faturated. 
The  point  of  faturation  in  any  fluid  is  very 

D different 
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different  with  refped;  to  different  folids : of 
fome  it  will  diffolve  its  own  weight ; of  others, 
one  half  or  one  fourth  ; and  of  others,  not  more 
perhaps  than  one  or  two  hundredth  parts.  With 
refpedt  to  fome  fubftances,  the  folvent  power  ap- 
pears to  be  without  limitation.  When  a fluid  is 
faturated  with  one  fubftance,  it  is  ftill  capable  of 
diffolving  another,  but  not  in  fuch  large  quanti- 
ty as  it  would  do  were  it  pure. 

An  increafe  of  temperature  favours  folution;  it 
not  only  facilitates  it,  or  caufes  it  to  take  place  more 
rapidly,  but  it  enables  the  fluid  to  diffolve  a larger 
portion.  The  larger  quantity  diffolved  is  again 
depofited  when  the  folution  cools.  The  folvent 
power  is  not  with  refpedl:  to  every  body  equally 
promoted  by  an  increafe  of  temperature  : Water, 
for  example,  will  diffolve  five,  fix,  or  feven  times 
more  of  fome  fubftances,  when  boiling,  than 
when  cold  ; of  others,  three  or  four  times ; while 
there  are  fome  nearly  as  foluble  in  the  cold  as 
in  the  hot  fluid.  Thefe  differences  exift  princi- 
pally with  refpedl  to  thofe  fubftances  termed 
Salts.  Lavoifier  has  obferved  that  the  falts,  whioh 
have  their  folubility  in  water  promoted  moft  large- 
ly by  an  augmentation  of  temperature,  are  thofe 
which  are  moft  fuftble  by  Caloric. 


Agitation 
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Agitation  favours  folution,  by  removing  from 
the  folid  the  portion  of  fluid  already  faturatcd 
with  it,  and  bringing  a new  portion  to  ad  upon 
it.  The  fame  end  is  attained  by  increafing  the 
furface  of  the  (olid  body  ; and  hence,  in  part,  the 
utihty  of  thefe  preliminary  operations  by  which 
folids  are  reduced  to  powder. 

By  folution  we  communicate  to  bodies  that 
fluidity  which  is  necelTary  for  their  mutual  che- 
mical adion,  and  hence  of  all  the  chemical  ope- 
rations it  is  the  mofl;  extenfive  in  its  application. 
It  is  performed  in  veflTels  of  different  kinds,  in 
phials,  matraffes  or  cucurbits  of  glafs.  Ba- 
fons  of  earthen  ware,  or  metallic  veffels  are  ‘ like- 
wife  occafionally.  ufed. 

The  fecond  principal  operation  by  which  che- 
mical combination  between  bodies  is  promoted,  is 
Fufion,  or  melting  them  by  the  application  of 
heat.  It  weakens  the  force  of  cohefion  fubfifting 
between  their  particles,  and  gives  them  that  flui- 
dity neceffary  for  their  motion,  and  in  both  thefe 
ways  facilitates  their  union.  This  operation  for 
chemical  purpofes,  and  where  large  quantities  are 
not  employed,  is  performed  in  veffels  termed  Cru- 
cibles, made  of  clay  with  a fmall  proportion  of 

fand, 
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fand,  or  of  black  lead.  Sometimes  alio  cups  of 
Iron,  Silver,  or  Platina,  are  employed. 

As  an  intenfe  heat  is  often  neceflary  to  fufe 
bodies,  as  well  as  for  condii6ling  conveniently  o- 
ther  chemical  operations,  Furnaces  are  very  ne- 
ceflary  inftruments.  Thefe  are  of  very  various 
kinds,  both  in  the  mode  of  conftrudlion,  and  in 
the  materials  of  which  they  are  made  It  is  fuf- 
iicient  to  defcribe  their  general  ftrudure. 

The  elTential  parts  of  a furnace  are  the  body 
or  fire  place,  in  which  the  fuel,  and  the  velTel 
containing  the  materials  to  be  operated  on,  are 
placed  ; the  chimney,'  by  which  the  fmoke  and 
headed  air  are  carried  off;  and  the  afli  pit,  into 
which  the  afhes  fall,  and  by  apertures  in  which 
air  is  admitted  to  the  burning  fuel. 

The  principles  on  which  the  produdion  of 
heat  in  furnaces  depends,  are,  that  inflammable 
matter  cannot  burn  without  the  accefs  of  air, 
and  that  the  rapidity  of  the  combuftion,  and  con- 
fequently  the  quantity  of  heat  produced  in  a giv- 
en time,  are  proportioned  to  the  quantity  of  air 
tranfmittcd  over  the  burning  matter.  When  fu- 
el is  placed  in  a clofed  cavity,  like  that  of  a fur- 
nace, 
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nace  conneded  with  a chimney,  w^hen  it  is  kin- 
dled, the  air  in  the  upper  part  of  the  furnace  is 
neceflarily  rarified,  and  afcends  by  the  chimney  ; 
the  preflure  of  the  external  atmofphere  forces  a 
quantity  of  frefh  air  through  the  openings  below, 
which,  riling  through  the  fuel,  occafions  a ftrong 
combuflion. 

In  furnaces,  therefore,  the  ftrength  of  the  corn- 
bullion  depends  on  two  circumftances ; on  the 
accefs  of  the  atmofpheric  air  from  below,  and  on 
the  height  of  the  column  df  heated  air.  When 
the  tube  or  chimney  is  lengthened,  the  difference 
between  the  fpecific  gravity  of  the  column  of 
heated  air  which  it  contains,  and  of  the  column 
of  external  air  being  greater,  a larger  quantity  of 
frefh  air  is  conllantly  forced  through  the  fuel, 
and  a ftrong  draught,  as  it  is  termed,  is  formed. 
This  is  proportional  to  the  height  of  the  vent,  to 
a certain  extent ; for  beyond  a certain  point,  the 
air  in  the  vent  being  cooled,  no  addition  to  the 
draught  is  gained. 

It  is  alfo  obvious,  that  the  draught  of  air  may 
be  diminifhed  or  increafed  by  leffening  or  en- 
larging the  accefs  of  air  from  below  ; and  by 
clofing  up  that  accefs,  the  combuftion  will  be 

totally 
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totally  ftopt.  Regifters,  confifting  either  of  a 
number  of  ho]es  fitted  with  biafs  plugs,  or,  what 
IS  more  convenient,  of  a movable  femicircular 
plate,  are  employed  to  regulate  the  admiffion 
of  air.  , 

In  the  conftrii^tion  of  furnaces,  there  is  ano- 
ther important  objedl  to  be  attained,  the  confin- 
ing the  heat,  or  preventing  it  from  being  abftracl- 
ed  by  the  furrounding  air.  This  is  accoraplifli- 
ed  by  coating  the  internal  furface  with  fome  fub- 
llance  which  tranfmits  the  heat  very  flowly : 
a lute  of  clay  and  fand  is  commonly  ufed  for 
this  purpofe,  which  farther  ferves  the  important 
purpofe  of  defending  the  fubftance  of  which  the 
furnace  is  made  from  the  action  of  the  fire. 

Where  a very  moderate  heat  is  requifite,  the 
Lamp  furnace,  or  the  heat  afforded  by  the  com- 
buftion  of  fpirit  of  wine,  or  oil,  by  a wick,  is  very 
ufeful.  Where  the  heat  is  not  defigned  to  ex- 
ceed the  temperature  of  212°  of  Fahrenheit,  the 
velfel  containing  the  materials  to  be  operated  on 
is  placed  in  boiling  water.  This  is  termed  the  Wa- 
ter Bath.  The  Sand  Bath  is  that  where  fand  is 
ufed  as  the  medium  by  which  the  heat  is  com- 
municated to  the  veflel. 


The 
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The  Blow  Pipe  is  another  convenient  inftra- 
ment  for  exciting  a very  ftrong  heat,  and  operat- 
ing on  fmall  quantities  of  materials.  It  is  merely 
a tube  with  a very  fmall  aperture,  through 
which  a ftream  of  air  is  forced,  either  by  the 
mouth  or  by  bellows,  upon  the  flame  of  a candle 
or  lamp,  and  the  flame  is  directed  upon  a fmall 
point  where  it  excites  a very  intenfe  heat. 

An  intenfe  heat,  the  mofl;  intenfe  indeed  which 
we  can  raife,  is  likewife  capable  of  being  excited 
by  the  folar  rays,  concentrated  by  a concave 
mirror,  or  a-  lens. 

There  is  one  other  mode  in  which  we  can 
raife  the  temperature  of  bodies,  fo  as  to  facilitate 
their  combination,  which  is  more  immediatelv 
applicable  to  the  permanently  elaftic  fluids,  or 
airs,  that  of  palling  the  Eledric  fpark  through 
them  This  raifes  the  temperature  of  the  part 
through  which  it  pafles  to  ignition,  at  which  thefs 
bodies  combine.  ■ ' 

After  chemical  combination  or  decompofition 
has  been  effeded,  various  operations  are  requiflte 
in  order  to  obtain  the  produds.  Such  are  Lixi- 

viation. 
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viation,  Filtration,  Evaporation,  Cryftalifation, 
Precipitation,  Diftillation,  and  Sublimation. 

Lixiviation  is  merely  folution  performed  with 
a particular  view.  If  we  have  a mixture  of  two 
kinds  of  matter,  cne  of  which  is  foluble  in  water, 
the  other  infoluble  ; by  the  affufion  of  a fufBcient 
quantity  of  water,  the  former  is  diflblved,  and 
the  latter  at  length  remains  pure.  This  is  term- 
ed Lixiviation,  and  the  folution  a Ley.  By  Fil- 
tration, or  pairing  the  fluid  through  the  pores 
of  paper,  linen,  or  other 'materials,  it  is  feparated 
from  the  particles  which  -remain  fufpended  in  it, 
undiflTolved. 

Evaporation,  underftood  as  a chemical  opera- 
tion, is  that  in  which,  by  heating  a fluid,  it  is  con- 
verted into  vapour.  It  is  more  particularly  ap- 
plied to  recover  a folid  which  has  been  diflblved 
in  any  fluid,  the  fluid  being  evaporated,  and  the 
folid  remaining  pure.  It  is  performed  in  veflels 
of  glafs,  earthen  v/are  or  metal,  which  are  of  fuch 
a figure  as  to  prefent  a wide  furface  to  the  air,  fo 
that  the  vapour  may  efcape  freely. 

When  Evaporation  is  carried  on  in  clofe  vef- 
fels,  fo  as  to  collect  the  fluid  that  is  volatilized,  it 

forms 
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^brms  the  procefs  termed  Diftillation,  which  is  al- 
ways performed  with  the  view  of  obtaining  the 
more  volatile  part. 

Diftillation  is  carried  on  in  vefiels  of  different 
kinds.  The  common  ftill  is  made  of  iron  or  cop- 
per, and  the  fire  is  direcftly  applied  to  the  bottom 
and  fides;  the  vapour  pafles  ofFby  a pipe  ifluing 
from  the  head,  and  is  conducted  through  a fpiral 
tube,  termed  a worm,  placed  in  a velfel  of  cold  wa-». 
ter,  by  which  its  condenfation  is  promoted.  The 
common  figure  of  the  ftill  was  formerly  that  of  a 
cylinder,  the  height  of  which  was  at  leaf!  double 
the  diameter ; but  it  is  now  made  much  more 
fliallow,  as  there  can  be  no  doubt  that  the  ex- 
tent of  evaporation  is  proportional  to  the  extent 
of  furface  to  which  the  heat  is  diredly  applied, 
and  to  the  free  exit  allowed  to  the  vapour. 

In  the  diftillation  of  many  fubftances,  metal- 
lic veflels  would  be  adted  on  either  by  the  ma- 
terials, or  the  produ<fts  of  the  operation.  Veflels 
of  glafs  or  of  earthen  ware  are  therefore  employ- 
ed ; and  of  thefe  the  Retort  is  the  moft  con- 
venient. It  is  a kind  of  conical  bottle,  the 
bottom  of  which  is  convex,  and  the  neck  bent  at 
an  angle  of  about  6a  degrees.  The  materials  are 

E put 
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put  into  the  body  of  the  Retort,  and  heat  is  ajj- 
plied  to  it.  generally  by  a fand  bath ; to  the  neck, 
another  globular  or  conical  bottle,  termed  a Re- 
ceiver, is  adapted,  in  which  is  condenfed  the  fluid 
that  diftils  over.  Where  the  produdl  is  very  vo- 
latile, one  receiver  is  infulEcient,  two  or  three  arc 
therefore  inferted  into  each  other,  x Sometimes 
this  produdl  is  permanently  elaftic,  or  incapable 
of  condenfation  by  itfelf.  Water,  therefore,  or 
fome  other  fluid,  muft  be  placed  in  the  receivers, 
by  which  it  may  be  abforbed.  Woolfe’s  appara- 
tus is  adapted  to  this  purpofe.  It  confifts  of  a fe- 
ries  of  bottles,  connecfled  with  each  other  by  bent 
tubes,  one  tube  always  dipping  into  the  water 
placed  in  the  receiver  into  which  it  is  inferted. 
By  this  contrivance,  the  permanent  vapour  is  al- 
ways forced  to  pafs  through  the  fluid.  ^ Each 
bottle  likewife  has,  what  is  termed,  a tube  of  fafe- 
ty.  This  is  merely  a flraight  tube,  immerfed  a- 
bout  one-tenth  of  an  inch  in  the  fluid  in  the  bot- 
tles, by  which,  whenever  a condenfation  of  air 
takes  place  in  the  apparatus,  or  a partial  va- 
cuum is  formed,  atmofpheric  air  is  forced  in  to 
fupply  its  place,  and  prevent  the  prelTure  of  the 
atmofphere  at  the  extremity  of  the  apparatus,  or 
that  of  the  air  included  in  the  lafl:  bottles,  from 
forcing  the  fluid  backward  from  the  one  bottle;! 

to 
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to  the  other,  bv  which  in  many  cafes  the  produdl 
would  be  fpoiled. 

4 

In  thefe  and  other  kinds  of  apparatus,  lutes, 
or  ftifF paftes,  are  neceflary  to  clofc  up  the.join- 
ings,  and  prevent  the  efcape  of  any  vapour.  They 
are  made  of  different  adhefive  materials ; as  of 
flour  and  water,  of  clay  and  fahd,  or  of  dried 
clay  mixed  with  drying  oil. 

Sublimation  is  an  operation  fimilar  to  Diftilla- 
tion,  a volatile  body  being  feparated  from  one 
more  fixed  by  the  application  of  heat.  But  the 
matter  thus  volatilifed,  condenfes  in  the.  folid 
form,  which  ferves  to  diftinguifli  the  one  opera- 
tion from  the  other.  The  apparatus  employed 
for  Sublimation  is  the  alembic,  with  its  capital ; 
the  former  being  merely  a conical  bottle  round 
in  the  bottom,  the  other  a globular  head  adapted 
to  it,  with  a groove  or  edge  in  its  under  part  to 
allow  any  fluid  to  run  off. 

Precipitation  is  an  operation  of  a different  kind. 
It  is  applied  to  that  procefs  in  which,  by  chemi- 
cal action,  a folid  body  is  feparated  from  a fluid, 
and  dcpofitcd.  There  are  three  varieties  of  it : 
I ft,  That  where  a folid  has  been  diflblved  by 

fluid. 
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a fluid,  and  where  a third  fubftance,  being  added, 
combines  with  the  fluid,  and  the  folid  is  thrown 
down  ; 2d,  Where  the  fubftance  added  combines 
with  the  folid,  and  forms  with  it  a fubftance  in- 
foluble  in  the  fluid,  and  which  is  therefore  preci- 
pitated : and,  3d,  Where  the  fubftance  added 

I » 

combines  with  the  body  by  which  the  folid  had 
been  diflblvcd,  and  where  both  this  new  com- 
pound, and  the  folid  which  is  feparated,  are 

« 

precipitated. 

Cryftallization  is  the  concretion  of  a folid,  in 
fome  regular  determinate  form,  and  is  of  two 
kinds.  When  a body  has  been  melted  by  heat,  on 
allowing  it  to  cool  flowly  and  without  agitation,  in 
alTuming  the  folid  form,  its  particles  take  a re- 
gular arrangement,  fo  that  its  texture  exhibits 
fome  regular  figure.  Or  if  a folid  has  been  dif- 
folved  in  a fluid,  on  the  removal  of  part  of  the 
fluid  by  flow  evaporation,  or  on  a redudion  of  tem- 
perature, the  folid  begins  to  concrete ; and  if  agi- 
tation be  avoided,  it  forms  itfelf  into  fmall  mafles, 
tranfparent,  and  of  regular  forms.  'Thefe  are  term- 
ed Cryftals  ; and  the  operation  itfelf,  Cryftalli- 
zation.  Of  the  former  kind  of  cryftallization,  the 
metals  furnifh  examples ; of  the  latter,  the  clafles 
of  faits  and  earths.  It  is  the  latter  kind  that  is 


mor? 
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more  particularly  employed  as  an  operation  of 
Chemiftry,  to  obtain  the  products  of  other  ope* 
rations. 

Cryftallization  is  promoted  by  affording  a 
nucleus^  or  folid  point,  at  which  it  may  com- 
mence ; and  ftill  more  fo,  if  this  nucleus  is  of  the 
fame  kind  of  matter  as  that  which  is  diffolved. 
The  accefs  of  the  air  likewife  has  an  important 
influence  on  this  procefs.  If  a faturated  fulution 
of  a fait  in  boiling  water  while  it  is  hot  be  in- 
clofed  in  a veflel,  fo  as  to  exclude  the  acmofpiie- 
ric  air,  it  does  not  cryftallize  even  when  cold  ; 
but  if  the  air  be  admitted,  the  ciyftallization  im- 
mediately  commences,  and  proceeds  with  great 
rapidity,  A produdion  of  fenfible  heat  always 
accompanies  cryflallifation. 

Cryftals  depofited  from  water  always  contain 
a quantity  of  that  fluid,  often  more  than  half 
their  weight.  It  is  termed  their  water  of  cryf- 
tallifation  ; it  gives  them  their  tranfparency  and 
denflty,  thefe  qualities  being  always  loft  when 
this  water  is  evaporated. 

Every  body  that  cryftallizes  takes  on  a figure 
peculiar  to  itfelf;  and  hence  the  figure  of  the 

cryftals 
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' cryflals  ferves  as  a very  obvious  property,  to 
diftinguifli  thefe  bodies  from  each  other. 

The  phenomena  of  Ciyftallization  have  been 
fuppofed  to  be  owing  to  the  particles  of  bodies 
having  a tendency  to  unite  by  certain  fides  in 
preference  to  others,  probably  by  thofe  which 
admit  of  the  moft  extenfive  contadf ; hence, 
when  a fluid  in  which  thefe  particles  are  fuf- 
pcndcd  is  withdrawn,  fo  as  to  allow  of  their  gra- 
dual approach,  they  will  unite  by  thofe  fides  moft 
difpofed  to  union,  and  thus  mafles  of  a regular 
figure  will  be  formed. 

By  Cryftallization  we  can  frequently  fepa- 
rate  two  fubftances  dilTolved  in  the  fame  fluid. 
If  one  is  lefs  foluble  than  the  other,  after  a cer- 
tain degree  of  evaporation,  it  will  cryftallize, 
while  the  latter  remains  diflblved,  and  may  be 
obtained  by  a farther  evaporation  ; or  if  one  is 
more  foluble  in  hot  than  in  cold^  .er,  while  the 
other  is  nearly  equally  foluble  in  each,  the  one 
will  be  obtained  by  cryftallization  when  the  fo- 
lution  is  cold ; while  the  other,  by  the  neceflTary 
degree  of  evaporation,  will  be  feparated,  even 
. while  the  foliuion  is  hot. 
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CHAP.  II. 


OF  CHEMICAL  ATTRACTION,  OR  AFFINITV. 


Attraction,  in  the  language  of  modern  Pliilo- 
fophy,  is  employed  merely  as  the  expreffion  of  the 
general  fadt,  that  the  malTes  or  particles  of  mat- 
ter have  a-  tendency,  when  left  to  themfelves,  to 
approach  until  they  come  into  apparent  contad’. 
The  different  fpecics  of  it  have  been  already  no- 
ticed and  diftinguiffied  from  each  other. 

Chemical  Attradion , that  particular  fpecies  which 

« 

we  are  now  to  inveftigate,,  may  be  defined,  that 
power  by  which  the  particles  of  heterogeneous 
bodies  have  a ^Pffency  to  unite,  and  by  which, 
when  united,  they  are  retained  in  a ftate  of 
combination ; forming,  not  a mere  aggregate,  or 
mixture,  but  a new  body,  in  which  the  properties 
of  the  component  parts  are  more  orlefs  changed. 
Two  fubffanccs  may  be  intimately  mixed  toge- 
ther, 
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ther,  and  their  particles  may  adhere  with  confi- 
derable  force  ; but  lioweTcr  intimate  the  mixture 
may  be,  it  ftill  confifts  of  diffimilar  parts,  fepara- 
ble  from  each  other  by  mechanical  means,  and 
' retaining  all  their  properties  unimpaired.  But 
when  fubftances  are  chemically  combined,  the 
compound  is  unifonn  in  its  compofition,  no  dif- 
ference of  particles  is  difcoverable,  the  parts  of 
which  it  is  formed  refill  every  mechanical  power 
of  feparation,  and  can  be  disjoined  only  by  the 
adlion  of  chemical  powers.  New  properties 
alfo  are  acquired  different  from  thofe  of  the 
bodies  which  have  entered  into  union.  By 
thefe  charadlers,  ’ Combination  is  diftinguiflied 
from  Mixture. 

It  is  alfo  to  be  difiinguiflied  from  Aggrega- 
tion. ' This  is  merely  the  union  of  particles 
of  the  fame  kind  of  matter; — the  refult  is 
an  aggregate  po  ffeffing  all  the  properties  of  the 
particles  of  which  it  is  conmofed,  and  exifl- 
ing  in  different  forms,  according  to  the  force  of 
attraction  by  which  they  are  'united.  In  the 
folid  form  the  force  of  aggregation  is  ftrongefl, 
varying,  however,  from  the  extreme  of  hardnefs 
to  that  degree  of  foftnefs  which  yields  to  a flight 
preffure ; in  the  fluid  form  it  is  ftill  weaker ; and 
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in  aeriform  fluids  it  is  entirely  overcome,  and  a 
repulfion  eftabliflied  between  the  particles. 

t 

From  the  difference  between  Combination 
and  Aggregation,  arifes  a diftindlion  of  fome 
importance ; that  between  the  integrant  parts 
, or  particles,  and  the  component  or  conilituent 
parts  of  bodies.  The  latter  are  particles  of  mat- 
ter, differing  in  their  nature  from  each  other,  and 
which,  by  their  union,  form  a compound,  or  fub- 
ftance,  with  new  properties.  The  former  do' not 
differ  from  each  other;  nor  do  they  differ,  as  to 
their  nature,  from  the  aggregate  which  they  form. 
They  are  merely  the  fmalleft  particfles  into  which 
a body  is  divifible  without  decompolition.  They 
are  held  together  by  the  attradion  of  aggregation, 
or  cohefion,  while  the  conffituent  parts  are  united 
by  chemical  attradion.  It  is  evident  that  Ample 
bodies  confift  entirely  of  integrant  parts,  all  their  . 
particles  being  alike  in  their  properties.  Com- 
pounds, again,  ‘ipay  be  confidered  as  confiftmg 
both  of  integrant  parts  and  of  component  parts, 
or  diflimilar  particles.  When  two  compound 
fubflances  unite  chemically,  it  is  the  integrant 
particles  which  combine,  and  not  the  more  Am- 
ple principles  of  which  thefe  are  formed. 
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Such  is  the  nature  of  chemical  combination. 
What  is  its  caufe  ? In  other  words,  By  what 
power  is  the  union  of  two  different  bodies  effedt- 
ed  ? We  are  indebted  to  Newton  for  a fatisfac- 
tory  anfwer  to  this  queftion.  After  having  de- 
monftrated  the  laws  of  Gravity,  and  fhewn  their 
application  to  the  fcnfible  motions  of  the  uni- 
verfe,  he  obferves,  that  there  might  be  other 
fpecies  of  attradion  which  reach  to  fuch  fmall 
diftances  as  to  have  efcaped  obfervation.  At  the 
end  of  his  treatife  on  Optics,  he  reviews  a great 
number  of  chemical  phenomena  and  adions, 
and  applies  this  principle  to  their  explanation. 
When  tw’^o  bodies  unite,  this  he  conceives  to  be 
owing  to  an  attradion  exerted  by  the  particles  of 
the  one  to  the  particles  of  the  other,  by  which 
they  are  brought  together  : when  they  refufe  to 
unite,  it  is  becaufe  no  fuch  attradion  exifts  ; and 
when  a compound  is  decompofed  by  the  addition 
of  any  other  body,  it  is  in  confequence  of  that  bo- 
dy exerting  an  attradion,  to  one  of  the  principles 
of  the  compound,  ftronger  than  that  which  exifl- 
ed  between  them.  Thcfe  explanations  were  fo 
much  fuperior  to  the  crude  notions  formerly  en- 
tertained by  Chemifts  upon  thefe  fubjeds,  that 
they  were  generally  received.  The  laws  regulat- 
ing the  exertion  of  chemical  attradion  have  fince 

been 
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been  inveftigated  by  the  moft  celebrated  Che- 
mids.  As  they  form  the  bafis  of  the  fcience,  they 
require  to  be  fully  dated. 

Law  I.  Chemical  Attradion  is  exerted  only 
between  the  minute  particles  of  bodies. 

No  exertion  of  chemical  attradion  can  be 
perceived  between  mafles  of  matter.  Hence  the 
neceffity  of  mechanical  dividon,  in  order  to  fa- 
cilitate chemical  combination.  Hence  alfo, 
when  two  bodies  have  united,  the  fmalled 
parts  of  the  compound  are  found  to  confid  of  the 
component  parts  united  in  their  due  propor- 
tion. 

Law  II.  The  Attradion  of  Aggregation  mud: 
be  overcome  before  Combination  or  Decompofi- 
tion  can  take  place  from  the  exertion  of  Chemi- 
cal Attradion.  _ • , 

This  law  follows  in  part  from  the  former ; for 
lince  attradion  is  exerted  only  between  the^mi-' 
nute  particles  of  bodies,  it  is  evident  that,  injqr- 
der  to  effed  a union,  the  aggregation  mud  be 
broken,  and  the  bodies  to  be  united  reduced  to 
their  fmalled  parts.  The  circumdance,  however, 

of 
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deftroying  the  aggregation  is  not  lefs  neceffary  in 
another  refpe6l ; for  it  is  evident,  that  although 
we  fhouid  fuppofe  attradlion  to.be  exerted  be-, 
tween  the  particles  in  the  m^fs,  yet  a union  could 
not  take  place,  unlefs  the  date  of  aggregation 
were  fuch  as  to  allow  thefe  particles  to  move  to 
each  other  in  order  to  coalefce. 

From  thefe  circumftances  arifes  the  neceffity 
of  fluidity  for  chemical  combination  taking  place. 
When  two  bodies  in  the  folid  date  are  mixed  to- 
gether, and  reduced  to  the  fined  powder,  they  do 
not  atd  upon  each  other ; but  if  one  or  ’both  be 
rendered  fluid,  either  by  folution  or  fufion,  then 
whatever  attradion  may  exid  between  them  is 
exerted  with  effedl.  Hence  has  been  deduced 
the  chemical  axiom,  Corpora  non  agunt  niji  Jint 
foluta.  ' 

To  this  axiom,  that  fluidity  is  indifpenfible  to 
combination,  many  exceptions  may  be  dat- 
ed ; there  being  indanccs  in  which,  both  at  low 
and  at  high  temperatures,  folid  bodies  adl  che- 
mically on  each  other.  Thus  two  fimple  earths, 
if  heated  together,  will  combine,  though  the 
temperature'  be  much  lower  than  that  which 
would  be  neceflary  for  the  fufion  of  either  fe- 

parately. 
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parately.  From  the  confideration  of  fails  of 
this  kind,  Morveau  has  modified  this  axiom, 
and  exprefled  it  more  juftly  in  the  following 
terms : “ There  is  no  chemical  ailion  between 

“ bodies,  if  one  of  them  is  not  fufficiently  fluid,” 
(^or  rather,  if  its  aggregation  is  not  fufficiently 
weakened,)  “ that  its  particles  may  yield  to 
“ that  affinity,  which  tends  to  bring  them  into 
“ contact  with  the  other.” 


There  is  another  clafs  of  exceptions  to  this 
law,  of  a different  kind.  It  is  in  general  true, 
that  the  weaker  the  aggregation  is,  the  more 
eafily  combination  is  effecfted ; liquids,  there- 
fore, combine  with  more  facility  than  folids,  or 
even  than  a folid  and  liquid  ; and  in  like  manner 
vapours  combine  with  rapidity  and  eafe ; fo  that 
in  many  cafes,  the  only  pradlicable  method  of 
combining  two  bodies  is,  to  prefent  them  to  each 
other  in  the  ftate  of  vapour.  There  are,  howe- 
ver, many  other  cafes  in  which  the  ftate  of  va- 
pour, efpecially  if  it  is  permanently  elaftic,  op- 
pofes  chemical  union.  Few  of  the  Gaffes  can  be 
combined  but  at  a high  temperature,  and  even 
then  the  union  is  often  flow  and  relu£lant.  The 
caufe  of  this  circumftance,  depending  on  the  a- 
geney  of  Caloric,  is  afterwards  to  be  explained. 

Law 
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Law  III.  When  Chemical  Combination  has 
taken  place,  the  compound  which  is  formed 
does  not  poflefs  properties  merely  intermediate 
between  thofe  of  its  component  parts,  but  has 
acquired  others  more  or  lefs  new. 

This  law  of  Chemical  A.ttraclion  is  of  vafl  im- 
portance in  its  application,  fince  it  is  from  it 
that  the  properties  of  the  greater  number  of  ma- 
terial bodies  arc  derived.  Almoft  all  the  pro- 
ductions of  nature  or  of  art  are  compounds  of  a 
few  fimple  bodies ; and  the  immenfe  variety  of 
properties  they  polTefs,  and  by  which  each  may 
be  diftinguiflied  from  every  other,  is  derived 
from  this  limple  law  of  attraction,  that  combina- 
tion alters,  more  or  lefs,  the  properties  of  the  bo- 
dies combined.  The  fenfible  qualities,  fuch  as 
tafte,  fmell,  colour,  form  and  denfity ; and  the 
chemical  properties  of  fufibility,  volatility,  folu- 
bility,  tendency  to  combination,  and  order  of  at- 
traction in  the  compound,  bear  in  general  no  re- 
femblance  to’ the  fame  qualities  in  its  conftitu- 
ent  principles.  In  no  cafe,  therefore,  can  we,  from 
our  knowledge  of  two  bodies,  infer  with  certain- 
ty, a priori,  what  will  be  the  properties  of  the 
compound  which  refults  from  their  union. 


It 


I 


OR  AFFINITY.,  gg 

It  is  not  invariably  true,  however,  that  the 
properties  of  a body  are  completely  changed  by 
its  combination  with  another.  There  are  many 
examples  in  which  they  are  only  llightly  altered 
or  weakened  ; and  there  are  fome,  the  folutions 
of  falts  in  water  for  example,  in.  which  they  are 
fcarcely  perceptibly  changed  ; though  that  thefe 
are  real  chemical  combinations  is  certain,  as  they 
are  not  deftru6lible  but  by  the  exertion  of  a fu- 
perior  affinity.  In  thefe  and  in  other  cafes  in 
which  the  properties  of  a body  are  little  alter- 
ed, there  is  generally  one  change  which  marks 
chemical  union,  an  alteration  of  fpecific  gravi- 
ty, that  of  the  compound  not  being  the  mean  of 
the  fpecific  gravities  of  the  component  parts. 

Law  IV.  The  exertion  of  Chemical  Attrac- 
tion is  accompanied  by  a change  of  tempera- 
ture. 

This  law,  if  not  univerfal,  is  at  lead;  very  ge- 
neral ; there  being  few  inflances  of  chemical 
adion  which,  if  accurately  obferved,  do  not 
fhew  a change  of  temperature,  and  in  many  ca- 
fes a very  confiderable  one.  The  temperature 
may  be  either  increafed  or  diminiihed  ; in  other 
words,  either  heat  or  cold  may  be  produced : 

and 
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and  the  great  fource  of  both  thefe  changes,  e- 
fpecially  in  the  operations  of  art,  is  chemical 
combination.  The  caufe  of  this  change,  belong- 
ing to  the  confideration  of  Caloric,  will  be  after- 
wards explained. 

* ■ % 

Law  V.  In  the  greater  number  of  bodies, 

there  are  certain  limits  to  their  combinations 

with  others ; in  other  words,  there  are  certain 

proportions  in  which  they  combine  with  each  o- 
\ 

ther. 

This  law  comprehends  feveral  varieties  of 
combination. 

1.  There  are  many  bodies  which  will  com- 
bine together  in  only  one  proportion  ; and  if  an 
excels  of  either  ingredient  of  the  compound  be 
added,  it  will  either  be  merely  mixed  with  it,  or 
coUe6led  apart  from  it,  with  its  properties  un- 
changed, Hydrogen  and  Oxygen  in  their  u- 

^ ■ • • 

nion,  afford  an  example  of  this  kind. 

, 

2.  There  are  other  cafes  in  which  two  bodies 
will  combine  together  in  two  proportions,  in  j 
three,  or  even  in  four;  each  of  thefe  combina- 
tions producing  a compound  diftinguifhed  from 

the 
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the  other  by  peculiar  properties.  Thus  oxygen  u« 
nites  with  azot,  in  not  lefs  than  fom-  proportions, 
each  proportion  forming  a different  compound. 
This  peculiarity  of  combination  is  highly  impor- 
tant ; the  immenfe  variety  of  properties,  in  the 
produdls  of  the  vegetable  and  animal  kingdoms, 
being  chiefly  derived  from  flight  differences  in 
the  proportions  of  the  few  principles  of  which 
they  are  formed, 

3.  In  certain  circumftances,  the  combination 
is  unlimited  to  a certain  extent  : one  body 

may  combine  with  another  in  any  proportion, 
until  a certain  quantity  of  it  is  combined  ; but 
beyond  that  quantity,  the  capability  of  combi- 
nation ceafes.  The  folutions  of  falts  in  water 
afford  examples  of  this  kind.  Any  portion  pf 
fait,  to  a certain  quantity,  combines  with  the  wa- 
ter ; but  more  than  that , quantity  cannot  be 
diffolved. 

' Laftly,  there  are  cafes  of  combination  appar- 
ently unlimited,  two  bodies  uniting  in  every  pof- 
fible  proportion.  Alkohol  and  water,  or  fulphuric 
acid  and  water,  afford  examples  of  this  kind : they 
unite  in  whatever  proportion  they  may  be  mixed 
together,  and  the  compound  has  always  a fpecific 

G gravity, 
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gravity,  different  from  the  mean  fpecific  gravity 
of  the  fluids  combined. 

Of  fome  of  thefe  clafles  of  fa6ls,  Guyton  (late 
Morveau)  has  given  a different  ftatement,  which 
feems  to  be  generally  admitted.  He  fuppofcs, 
that  any  two  bodies  are  capable  of  combining  on- 
ly in  one  precife  proportion  ; but  the  compound 
which  is  thus  formed  may  farther  combine  with  a 
new  quantity  of  one  of  its  conftituent  parts,  and 
this  may  be  carried  to  the  length  of  two,  three, 
or  four  fucceflive  combinations.  All  the  com- 
pounds, therefore,  which  were  formerly  confidered 
as  combinations  of  bodies  in  different  proportions, 
are  fuppofed  to  be  fucceflive  combinations  of  the 
compound  formed,  with  new  quantities  of  one  of 
its  ingredients. 

This  opinion  applies  with  facility  to  thofe 

\ 

cafes  of  combination  in  which  bodies  unite  in  two, 
three,  or  perhaps  four  combinations;  and  with 
refped;  to  many  of  thefe,  it  is  probably  juft.  Bu^ 
in  thofe  cafes  where  combination  is  unlimited,  as 
in  the  union  of  acids,  or  of  alkofiol  with  water, ' 
it  is  impoflible  to  conceive  how  the  combinations 
can  fucceed  each  other,  in  the  manner  which 
Morveau  has  fuppofed. 


The 
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The  limitation  of  combination,  which  has  been 
noticed  under  this  law,  forms  what  is  termed,  in 
the  language  of  Chemiftry,  Saturation.  When 
one  body  has  combined  with  another  in  the  larg- 
eft  poffible  proportion,  it  is  faid  to  be  faturated  ; 
and  the  precife  proportion  in  which  they  ^havc 
thus  combined,  is  termed  the  point  of  Satura- 
tion. 

Law  VI.  Attraftion  is  in  the  inverfe  ratio  of 
Saturation  ; Or  thofe  particles  which  enter  firft 
into  combination,  fo  as  to  form  a peculiar  com- 
bination, are  united  by  a ftronger  attradion  than 

thofe  which  are  afterwards  added. 

} 

This  law  has  been  inferred  from  the  fads  Hat- 
ed under  the  preceding  ; and  it  is  in  general  juft. 
Among  thofe  bodies  which  unite  in  two  or  three 
determinate  proportions,  there  is  fcarcely  one  ex- 
ception to  it ; the  force  of  attradion  being  ftrong- 
eft  in  the  firft  compound,  and  weaker  in  the  o- 
thers.  Hence  there  are  many  of  thofe  compounds 
which  it  is  poffible  to  decompofe  partially,  even 
by  the  interference  of  very  weak  attradions, 
Vhile  it  is  extremely  difficult  to  effed  their  entire 
decompofttion. 


Law  VIL 
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Law  Vll.  Chemical  Attraclion  may  be  exert- 
ed at  the  fame  time  between  more  than  two  bo- 
dies, fo  as  to  bring  them  into  combination. 

Nature  prefents  us  with  a great  number  of 
compounds,  efpccially  in  the  animal  and  vegeta^» 
ble  kingdoms,  confifting  of  three,  four,  or  even 
more  limple  fubdances;  and  art  can  alfo  effedf 
combinations  in  which  there  are  three  or  four  e- 
lementary  fubftances  united.  In  fuch  cafes,  it 
is  conceived  that  the  attradions  are  mutually 
balanced  ; and  it  is  obferved,  that  fuch  combi- 
nations generally  take  place  between  thofc  bo- 
dies in  which  the  different  attradions  are  near- 
ly of  the  fame  force.  Compounds  of  this  kind 
are  termed,  Ternary,  Quaternary,  &-c.  accord- 
ing to  the  number  of  their  principles. 

On  this  fubje61:,  Morveau  has  advanced  an  o- 
pinion  fimilar  to  that  which  he  entertains  re- 
fpeding  the  union  of  bodies  in  different  propor- 
tions. He  conceives,  that  when  feveral  bodies 
are  mixed  together,  and  one  apparently  homo- 
genous compound  is  produced,  they  do  not 
all  diredly  combine ; but  two  of  them  firft* 
unite,  and  the  compound  they  form  combines  i 
w|th  the  third ; as  this  new  compound  may  a-  , 

gain 
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gain  combine  with  a fourth,  if  it  be  prefent. 
In  confirmation  of  this  opinion,  it  is  obfervcd, 
that  very  frequently  if  two  of  the  bodies  be 
firft  combined,  and  then  the  third  be  added,  the 
fame  compound  is  produced  as  when  they  are 
all  diredly  mixed.  This,  however,  is  by  no 
means  always  the  cafe ; and  there  are  even  fome 
fads,  particularly  the  folutions  of  two  or  three 
fubftances  in  the  fame  fluid,  of  different  falts  in 
water  for  example,  which  are  unfavourable  to 
this  opinion. 

Under  this  law  may  be  noticed  what  has 
been  termed  by  Chemifts,  the  Affinity  of  In- 
termedium. There  are  many  inftances  in 
which  two  bodies  do  not  combine  together, 
but  on  the  addition  of  a third  fubftance,  a che- 
mical union  is  efteded.  Such  cafes,  however, 
are  merely  examples  of  a compound  being  form- 
ed of  two  fubflances,  and  this  combining  with  a 
third  body. 

Law  VIII.  Bodies  exerting  an  Attradion  to  o- 
thers,  exert  it  with  different  degrees  of  force,  each 
individual  having  its  peculiar  attradion  to  others, 
which  can  be  only  aic*.i  tamed  by  obfervation 
or  experiment. 


This 
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This  is  the  moft  important  law  of  Chemical 
Attradlion,  fince  it  is  the  fource  ot  by  far  the 
greater  part  of  the  combinations  of  chemiftry. 

From  the  attradion  exerted  by  one  fubftance 
to  another,  their  combination  takes  place ; and  : 
all  bodies  between  which  fuch  an  attradtion  ex-  : 
ills,  may  be  made  to  unite.  But  in  confequence 
of  this  law,  that  the  attradlions  exerted  by  any  ; 
body  towards  others  are  different  in  their  force 
with  refpedl  to  each,  we  are  able,  when  two  have 
combined,  to  decompofe  the  compound  they 
have  formed,  by  adding,  under  the  circumflan-  i 
ces  necelfary  for  the  exertion  of  chemical  attrac-  : 
tion,  any  body  which  has  an  attradlion  to  one  1 

of  them  fuperior  to  the  attradlion  by  which 

• 

they  were  held  united.  The  twm  bodies  be- 
tween which  there  is  the  ftrongeft  attvadion 
combine,  and  the  third  is  feparated. 

This  may  be  illuftrated  by  a diagram. 


s 
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Suppofe  A to  have  an  attradion  to  C , equal 
in  force  to  6.  If  placed  under  the  neceflaiy  cir- 
cumftances  of  divifion  and  temperature,  they 
will  unite  and  form  a compound  A C.  But 
fuppofe  A to  have  an  attradlion  to  B equal 
to  8,  if  B be  added  to  the  compound  A 
C,  it  will  immediately  decompofe  it  by  u- 
niting  to  A,  The  compound  A B will  there- 
fore be  formed,  and  G will  be  difengaged. 
The  fame  decompolition,  it  is  evident,  would  have 
been  produced,  if  the  attra61;ion  between  B G 
had  been  fuperior  to  that  between  AG.  B 
would  have  combined  with  G,  and  A would 
have  been  feparated.  ^ 

# 

The  fame  principle  may  be  illuftrated  by  ex- 
periment, by  fubftituting  Nitric  Acid  for  the  let- 
ter A in  the  above  diagram,  Potafti  for  B,  and 
Lime  for  G. 

After  the  fadt  was  difcovered  that  the  force  of 
attraclions  was  different,  it  was  a very  obvious  i- 
dea  to  conftrucl  tables  in  which  the  relative  forces 
of  attraction  of  any  fubftance  towards  others 
might  be  exhibited,  fo  far  as  thefe  were  afcer- 
tained  by  experiment.  This  was  firft  done  by 
Geoffroy,  a French  Chemfft,  Thefe  have  been 

extended. 
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extended,  fo  as  to  comprehend  a great  part  of  the 
combinations  and  decompofitions  in  Chemiftry, 
They  are  merely  columns,  at  the  head  of  which 
is  placed  the  name  of  the  fubftance  whofe  attrac- 
tions are  to  be  enumerated,  and  the  different  fub- 
ftances  for  which  it  has  an  attraction  are  placed 
beneath  it,  in  the  order  of  their  forces  of  attrac- 
tion, as  in  the  following  example. 


LIME, 
Oxalic  Acid 
Sulphuric  Acid 
Tartarous  Acid 
Phofphoric  Acid 
Nitric  Acid 
Muriatic  Acid. 


NITRIC  ACID. 
Barytes 
Potafh 
Soda 
Lime 
Ammonia 
Magneiia. 


There  remains  to  be  explained  another  cafe  of 
elective  attraction,  more  complicated. 


Suppofe  wc  have  a compound- formed  by  the 
union  of  A and  B,  in  which  the  force  of  attrac- 
tion is  equal  to  20,  and  that  to  this  com- 
pound another  fubftance,  C,  be  added,  which  has 
an  attraction  to  A,  equal  to  16  j it  is  evident  that 

no  dccompofition  can  enfue.  But  fuppofe  D,  a 

fourth 
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fourth  lubftance,  is  united  to  C,  with  an  attraaioii 
equal  to  7 ; and  fuppofe  that  D-has  an  attradion 
to  B equal  to  la,  then  a decompofition  muft  bes 
eff'ded  on  mixing  thefe  two  compounds ; for 
the  fum  of  their  exifting  attradions  is  inferior  to 
the  fum  of  thofe  tending  to  feparate  them*  the 
one  being  27,  the  other  28.  A.  B,  C D,  there- 
fore are  decompofed,  and  two  new  compounds, 
CA,  BD,  are  formed. 

■ « 

This  is  what  is  termed,  in  the  language  of 
Chemiftry,  Double  Eledive  Attradion ; two  elec- 
tive attradions  being  exerted,  and  two  new  com- 
pounds forrhed.  Of  the  two  attradions  which 
are  exerted,  one  tends  to  preferve  the  original 
compounds  undecompofed  ; the  other  tends  to 
feparate  their  principles.  The  former  have  been 
termed  by  Mr  Kirwan  the  Quiefeent,  the  latter 
the  Divellent  Attradions,  terms  which  are  gener- 
ally ufed.  It  is  evident  that  a double  decompoli- 
tion  can  only  be  effeded,  where  the  fum  of  the  di- 
vellent is  fuperior  to  that  of  the  quiefeent  attrac- 
tions. 

In  order  to  reprefent  more  clearly  and  con- 
cifely  what  palTes  in  thefe  complicated  attrac- 
tions, diagrams  have  been  conftruded.  The  i- 
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dea  fcems  firft  to  have  occured  to  Dr  Cullen. 
The  one  he  propofed  was  that  of  two  cylinders 
eroding  each  other  at  the  middle. 


A B 


If  on  mixing  the  compounds denoted  by  A C, 

B D,  the  attractions  of  A to  B,  and  of  C to  D,  , 
overcome  the  quiefeent  attractions,  AC,  BD;  the  ; 
refalting  decompofitlon  is  reprefented,  by  fuppof-  ► 
ing  the  extremities  A B,  CD,  of  the  cylinders  \ 
to  be  brought  together ; by  which  alfo  the  pro-  ' 
duCtion  of  the  two  new  compounds  will  be  denot-  - 
ed  by  the  conjunction  of  thefe  letters. 

The  diagram  propofed  by  Bergman,  conlifts  | 
of  two  brackets  connected  by  ftraight  lines,  form-  ■ 
ing  a fquare,  at  the  fides  and  corners  of  which  ,( 
the  names  of  the  exiftmg  compounds,  and  of  I 
their  ingredients,  are  placed. 


Miiriat, 
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Murlat  of  Potafli. 


Pola(h 


32  Muriatic  Acid 


Sulpliat 
of  62 
Potafli 


V 


I Muriat 
20=82  }►  of 
Lime. 


•54 

Sulphuric  Acid  — 
86 


Lime 


Sulphat  of  Lime. 


Thus  in  the  fcheme  which  Bergman  himfelf 
gives,  if  the  two  compounds,  termed  Sulphat  of 
Potafh  and  Muriat  of  Lime,  the  former  confift- 
ing  of  Sulphuric  acid  and  Potafh,  the  latter  of 
Muriatic  acid  and  Lime,  be  mixed  Together,  a 
double  decompofition  takes  place,  and  two  new 
compounds,  Muriat  of  Potafh,  and  Sulphat  of 
Lime,  are  formed.  This  is  reprefented  by  plac- 
ing on  the  outer  fides  of  the  two  brackets  the 
names  of  the  two  compounds  mixed,  and  at  the 
corners  of  the  brackets,  the  names  of  their  ingredi- 
ents, fo  difpofed  that  the  one  acid  fliall  be  dia- 
gonally oppofite  to  the  other.  If  the  numbers 
expreffing  the  relative  force  of  attradlions  of  the 
principles  of  thofe  compounds  be  alfo  added,  it 

will 
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■will  be  obvious  that  a decompofition  will  enfue.  : 
If  the  attradlion  between  Potafh  and  Sulphuric  i 
acid  be  62,  and  that  between  Lime  and  Muria-  |' 
tic  acid,  20,  the  fum  of  the  quiefcent  attradlions 

I 

will  be  82.  But  if  the  attradlion  between  Potafli  1 

and  Muriatic  acid  be  32,  and  that  between  Sul- 

ph uric  acid  and  Lime  54,  the  fum  of  the.  divel-  }i 

lent  attradlions  will  be  86.  Thefe,  therefore,  will  ( 

operate  with  effect ; the  Muriatic  acid  and  Potafli 

will' combine  together,  as  will  the  Sulphuric  acid 

and  the  Lime,  and  the  names  of  thefe  refulting 

compounds,  Muriat  of  Potafli  and  Sulphat  of 

Lime,  are  placed  without  the  ftraight  lines,  by 

which  the  brackets  are  connedled. 

, ' 

To  reprefent  a Angle  eledtive  attradlion,  the 
fame  figure  is  ufed,  with  only  one  bracket,  as  in 
diagram  4. 

r — ^ — 

j Nitric  Acid 

NItrat  I ' 
of  -<{18 
Pptafli. 


Potafli  20  Sulphuric  Acid. 


By 
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By  fome  flight  variations  in  their  conflruc- 
tion,  thefe  diagrams  have  been  rendered  ttill 
more  extenfive,  fo  that  they  are  capable  of  repre- 
fenting  all  the  phenomena  of  thefe  combinations. 

Where  the  quiefeen^  attradlions  are  fuperior 
to  the  divcllent,  and  where  of  courfe  no  dccom- 
pofition  takes  place,  the  fchenie  confifts  of  two 
imconneded  brackets,  with  the;  names  of  the  com- 
pounds at  each  fide,  and  of  their  ingredients  at 
each  corner  ; the  numbers,  denoting  the  forces  of 
attradlion,  being  interpofed.  ^ 


‘Potafh 


62  SulphuricAcid' 


Murlat 

of 

Potafli 


32 


Muriatic  Acid  20 
~Sl 


fJulpliat 
54=86  of 
Lime. 

Limt 


In  the  oppofite  cafe  where  decompofition  is 
effedled,  the  fcheme  No.  3 is  ufed,  varied  only 
to  fliew  the  peculiar  phenomena. 

Thus  in  fuch  decompofitions  it  frequently  hap- 
pens, that  one  or  both  of  the  new  compounds 

prove 
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prove  infoluble,  and  confequently  fall  down.  This 
is  denoted  by  bending  downwards,  in  the  mid- 
dle, the  line  placed  between  the  fubftance  and  ! 
the  fquare,  as  in  diagram  3,  where  the  under-  . 
molt  line  is  bent  down  to  exprefs  that  the  Sul-  > 
phat  of  Lime  is  precipitated.  If,  on  the  contrary, 
one  of  the  fubflances  be  volatilifed  or  fublimed, 
the  line  is  bent  upwards  in  the  middle,  as  in  dia-  • 
gram  4,  where  the  upper  line  is  drawn  in  this  :• 
manner,  to  Ihew  that  the  Nitric  acid  is  volatilif-  ■ 
ed.  If 'they  are  neither  precipitated  nor  vola-  . 
tilifed,  the  brackets  are  merely  conneded  by  > 
two  ilraight  lines. 

j 

Laflly,  the  circumftances  under  which  the  de-  f 
compofition  takes  place,  require  to  be  pointed  I 
out.  Sometimes  it  is  effeded,  by  the  fubflances  f 
being  diflolved  by  water,  fometimes  by  the  ap-  - 
plication  of  heat  to  them  in  the  folid  date.  Berg-  - 
man  diflinguifhcd  thefe  decompofitions  in  the  hu-  ^ 
mid  and  in  the  dry  way,  by  inferting  in  the  middle  t 
of  the  diagram  a triangle,  A,  which  was  the  old  I 
chemical  mark  for  fire,  to  denote  that  the  decom-  ^ 
pofition  was  effeded  in  the  dry  way,  or  by  the  H 

j 

application  of  heat ; and  an  inverted  triangle,  v>  k 
the  mark  for  water,  to  point  out  when  it  was  done  ^ 
in  a watery  folution.  The  fame  method  is  flill  ^ 

ufed  j 
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ufed,  the  marks  only  being  changed ; a ftraight 
perpendicular  line,  | , is  the  mark  for  caloric,,  or 
heat,  a compound  figure,  vh,  for  water. 

To  facilitate  the  conftrudlion  of  fuch  dia- 
grams, all  the  chemical  agents  have  likewife 
■ been  diftinguifhed  by  particular  charaders. 

There  is  a peculiar  cafe  of  chemical  decompoli- 
;tion,  formerly  regarded  as  anomalous,  which  may 
Ibe  noticed  under  this  law.  It  is  what  has  been- 
! termed  Reciprocal  Attradion.  It  is  that  cafe  in 

iwhich  a compound  is  decompofed  by  the  addi- 
:tion  of  a third  body,  and  yet  the  principle  difen- 
^gaged  is  capable  of  reading  upon  the  compound, 
:fo  as  to  decompofe  it  again,  and  form  a quantity 
-of  the  original  fubftance.  An  example  will  il- 
duftrate  it.  If  Sulphuric  acid  is  poured  on  the 
Lcompound  termed  Nitrat  of  Potafii,  if  decompo- 
qjofes  it  by  combining  with  one  of  its  principles, 
:the  Potafii,  and  difengaging  the  other,  the  Nitric 
lacid  : but  if  this  Nitric  acid  be  again  digefted 
on  the  compound  of  Sulphuric  acid  and  Pot- 
afii, it  decompofes  it,  and  a quantity  of  Nitrat  of 
Potafii  is  found  to  be  formed.  Still  there  can 
be  no  doubt  that  the  attradion  of  Sulphuric  a- 
;id,  is  much  ftronger  than  that  of  Nitric  acid  to 

Potafii 
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Potafli*.  How  therefore  is  the  latter  decompo- 
lition  produced  ? 

Bergman,  by  an  admirable  explanation,  has 
removed  this  apparent  exception  to  the  uniform- 
ity of  the  laws  of  chemical  attradion.  He  ob- 
ferves,  that  Potalh  can  combine  with  Sulphuric 
acid  in  two  proportions,  one  in  which  they  are 
m tually  faturated,  and  a perfedl  neutral  fait  is 
foin'fd,  another  in  which  the  acid  is  in  excefs, 
and  which  may  therefore  be  conlidered  as  a com- 
pound of  the  neutral  fait  with  a frefh  quantity 
of  Sulphuric  acid.  When  the  Nitric  acid  is 

I 

added  to  the  Sulphat  of  Potalh,  there  are  two 
confpiring  affinities;  the  one  that  of  the  Nitric 
acid  for  Potalli,  the  other  that  of  the  Sulphat 
of  Potaffi  for  an  excefs  of  Sulphuric  acid ; and 
thefe  being  fuperior  to  the  bare  quiefcent  attrac- 
tion between  the  Sulphuric  acid  and  the  Potalh, 
the  decompolition  is  effedled.  The  proof  that 
this  explanation  is  juft,  is,  that  whatever  quanti- 
ty of  Nitric  acid  be  added,  not  more  than  a cer- 
tain quantity  of  the  Sulphat  of  Potalh,  about 
one  third,  can  be  decompofed  : becaufe  when  the 
two  thirds  of  the  neutral  fait  acquires  the  frefli 
quantity  of  the  Sulphuric  acid,  there  remains 
only  the  fimple  attraction  of  the  Potafli  to  the 

Nitric 
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Nitric  acid,  which  is  unable  to  effedl  the  decom- 
poiition.  Another  decifive  proof  of  its  juftnefs 
is,  that  the  Nitric  acid  has  no  effedl  on  the  fame 
compound  of  Potalh,  with  an  cxcefs  of  Sulphu- 
ric acid. 

What  is  termed  Difpofing  Affinity,  or  Attrac  - 
tion,  furnilhes  another  apparent  exception  to  thft 
uniformity  of  force  with  which  chemical  attrac- 
tion operates.  It  is  that  cafe  in  which  two  bo- 
dies are  incapable  of  uniting,  but  in  which  the 
combination  is  effedled  by  the  addition  of  a third 
body,  though  it  has  no  apparent  attradlion  to  ei- 
ther of  the  others,  or  at  lead:  none  which,  by  any 
obvious  operation,  can  facilitate  the  union. 

This  will  be  better  illuflrated  by  example. 
Water  is  a compound  of  oxygen  and  hydrogen  ; 
phofphorus  has  an  attradlion  to  oxygen,  but  not 
fufficiently  ftrong  to  enable  it  to  decompofe  the 
water  : but  if  the  phofphorus  be  combined  with 
lime,  it  decompofes  water  rapidly,  by  attracting 
, its  oxygen.  Iron,  in  like  manner,  has  an  attrac- 
tion to  oxygen ; but  fo  little  fuperior  to  that  of 
hydrogen,  that  it  is  unable  to  decompofe  water  at 
a low  temperature)  or  at  leall  the  decompofition  is 
very  flow:  but  if  a Imall  quantity  of  fulphuric  acid 

J.  be 
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be  added,  it  immediately  commences  with  great 
rapidity.  In  the  one  cafe  the  Lime,  in  the  other 
the  Sulphuric  acid,  is  faid'  to  exert  a difpofing  af- 
finity. The  explanations  that  have  been  offered 
of  the  nature  of  this  operation,  are  unfatisfadory, 
fome  of  them  abfurd.  The  term,  however,  of 
Difpofing  Attradion  'may  be  retained,  as  the  ex- 
\ preffion  of  the  general  fad,  which  is  unqueftionable, 
that  chemical  union  between  two  bodies  is  often 
facilitated  by  the  addition  of  a third,  which  exerts 
fio  apparent  attradion  to  either  that  can  influ- 
ence the  refult.  When  the  nature  of  this  adion 
is  difcovered,  it  will  be  expreffed  with  more  pre- 
cifion  as  a particular  law,  or  it  will  be  reducible  to 
fome  of  the  other  eftabliftied  laws  of  attradion. 

Law  IX.  The  force  of  attradion  between  bo- 
dies is  not  eftimated  by  the  facility  with  which 
they  combine. 

Though  it  might  be  fuppofed,  that  thefe  bo- 
dies, between  which  the  ftrongeft  attradion  exifts, 
would  combine  moft  eafily,  yet  w'e  find  this 
is  not  the  cafe.  Some  combine  with  facility, 
which  have  comparatively  a weak  attradion  to 
each  other ; while  others,  between  which  a ftrong 
attradion  exifts,  are  combined  with  difficulty. 

- This 
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This  is  owing  to  the  exertion  of  chemical  attrac- 
tion being  always  influenced  by  the  ftate  of  ag- 
gregation, the  difpofition  to  fufibility  or  volatility, 
and  other  circumftances. 

The  problem  of  determining  the  relative  forces 
of  chemical  attradion  amongft  different  bodies,  is 
highly  important ; but  hitherto  we  have  only 
approximations  to  its  folution.  The  ufual  mea- 
fure  of  the  force  of  attraction  is,  that  of  decom- 
pofing  a compound  by  the  addition  of  a third  bo- 
dy. But  all  that  we  learn  from  this  is,  that  the 
attraction  of  one  is  ftronger  than  that  of  another 
to  a third  : how  much  ftronger  it  may  be,  or 
what  is  its  abfolute  force,  is  not  determined. 

Morveau  obferved,  that  different  metals,  plac- 
ed in  contact  with  mercury,  adhere  to  it  with 
different  degrees  of  force,  which  he  found  to  be 
in  the  order  of  the  different  chemical  attractions 
of  thefe  metals  to  mercury.  This  method,  there- 
fiare,  might  be  followed,  as  a'  mean  of  determining 
the  relative  forces  of  attraction ; but  it  is  fo  limit- 
ed in  its  application,  that  it  cannot  be  applied  to 
the  folution  of  the  general  problem, 

Mr  Kirwan,  in  making  experiments  on  the 
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faturations  of  the  acids  by  the  alkalis  and  earths,  li 
difcovered,  that  the  quantity  rcquifite  to  faturatc  I 
an  acid,  is  dircdlly  as  the  force  of  attraction 
fubfifting  between  the  acid  and  bafe  j loo 
grains,  for  example,  of  Sulphuric  acid,  require 
for  faturation  215  grains  of  Potalh,  165  of  Soda, 
and  no  of  Lime  : as  it  is  known  that  Potafh  has 

A 

a ftronger  attraction  to  thar  acid  than  Soda,  and 
Soda  than  Lime,  Mr  Kirwan  concluded,  that  the 
above  numbers  exprefs  the  proportional  forces  of 
attraction  in  thefe  bodies.  But  it  has  been  found, 
that  on  mixing  different  compound  falts  toge- 
ther, the  actual  refults  are  not  always  fuch  as 
ought  to  be  obtained,  did  the  above  numbers  ex- 
prefs the  precife  forces  of  attraction  of  thefe  fub- 
Itances ; and  Mr  Kirwan  himfelf  has  pointed  out 
fources  of  fallacy  in  the  original  experiments,  a- 
gainft  which  it  is  fcarcely  poflible  to  guard. 

Law  X.  The  exertion  of  chemical  attraction 
between  bodies  is  influenced  by  their  ftate  with 
refpeCt  to  temperature,  independent  of  any  effeCt 
that  temperature  may  have  in  changing  their 
- forms. 

It  has  already  been  obferved,  that  fluidity  i$ 
in  general  a neceflary  requifite  for  the  exertion  of 

chemical 
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chemical  attradlion,  and  that  fufion,  by  the  ap- 
plication of  heat,  is  one  method  by  v/hich  this  flu- 
idity is  obtained.  But  befides  this,  there  are  ma- 
ny cafes  in  which  it  is  neceflary  to  expofe  bo- 
dies to  a high  temperature,  in  order  to  bring  them 
to  act  chemically  on  each  other;  altho’  the  heat 
applied  is  not  carried  fo  far  as  to  render  either  of 
them  fluid.  It  is  this  circumftance  that  is  com- 
prehended under  the  prefent  law. 

This  influence  of  temperature  may  be  noticed, 
firfl,  as  it  promotes  Combination.  Of  this  there 
are  two  cafes ; that  in  which  the  force  of  chemi- 
cal attradion  feems  to  be  augmented,  and  that 
in  which  its  exertion  appears  to  be  only  facilita- 
ted, by  a high  temperature. 

Of  the  firfl;  of  thefe,  the  folutions  of  the 
lalts  in  water  afford  examples ; a larger  quantity 
of  the  fait  combining  with  a given  quantity  of 
water,. at  a high  than  at  a low  temperature,  and 
this  larger  quantity  being  depofited  when  the 
temperature  is  reduced.  The  power  of  combi- 
nation is  therefore,  in  this  cafe,  augmented  by  the 
cncrcafc  of  temperature. 


Of 
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Of  the  fecond  cafe,  that  in  which  the  exertion  t 
is  only  facilitated  by  the  agency  of  Caloric,  or  \ 
in  which  bodies  require  to  have  their  temperature  j 
raifed  to  a certain  point,  in  order  to  combine,  | 
but  the  combination  remains  unaltered  by  any  i 
redudion  of  temperature,  there  are  many  exam-  | 
pies.  I 

Thus  feveral  of  the  pure  earths,  w’hen  mixed 
together  and  expofed  to  a high  temperature,  u- 
nite,  though  the  temperature  be  ftill  inferior  to 
that  neceflary  to  melt  either  of  them  previous  to 
their  combination ; thefe  earths  are  likewife  info- 
luble  in  feveral  of  the  acids,  unlefs  the  acid  be 
boiled  upon  them  ; and  the  greater  number  of  in- 
flammable fubftances  are  incapable  of  combin- 
ing with  oxygen  gas,  but  at  a high  temperature. 

In  all  thefe  cafes,  it  is  evident  that  Caloric  ma7 
promote  combination,  by  diminifliing  the  force 
of  aggregation  by  which  the  particles  are  held 
together,  and  by  which  chemical  attradion  is 
counteraded.  The  whole  of  the  effed  cannot, 
however,  be  afcribed  to  this  caufe ; for  there  are 
cafes  in  which  boc^ies  combine  with  others  at  low 
temperatures,  though  in  neither  of  them  is  the 
power  of  cohefion  remarkably  weak,  or  chemi- 
cal 
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cal  attraftion  proportionally  ftrong ; while  others 
require  to  be  expofed  to  a high  temperature  ia 
order  to  combine,  though  the  chemical  attrac<- 
tion  which  they  exert  to  each  other  is  powerful, 
and  their  aggregation  not  greater  than  it  is  in 
thofc  which  combine  with  more  facility.  The 
comparative  relations  of  Phofphorus  and  Chai^ 
coal  to  Oxygen,  or  of  Copper  and  Arfenic  to  the 
fame  principle,  afford  examples  of  this  kind. 

The  influence  of  temperature  is  equally  ex. 
tenfive  with  refpe(S  to  decompolition.  Many 
fubftances  remain  in  union  within  a confidera- 
ble  range  of  temperature  ; but  if  the  temperature 
be  raifed  beyond  a certain  point,  the  attradlion 
between  them  is  overcome,  and,  of  courfe,  the 
compound  which  they  form  is  decompofed. 

In  fuch  cafes  of  Ample  decompofition,  ^it  h 
perhaps  always  true,  that  one  of  the  bodies  is 
volatile,  hr  eafily  convertible  into  vapour^  while 
the  other  is  comparatively  fixed  : hence  the  ap>- 
plication  of  Caloric  will  aft  with  unequal  forc6 
on  the  component  particles  of  the  compound; 
it  will  have  a much  greater  effed:  on  thofe  of  the 
volatile  body,  than  on  thofe  of  the  fixed;  they 
will  be  fepaiated  from  each  other;  and  the  fepa- 
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ration  proceeding  till  they  are  placed  without 
the  fphere  of  mutual  attradlion,  decompofition 
is  produced. 

There  are  other  cafes  of  a fimilar  nature  in 
which  the  attradion  of  a third  body  is  introduc- 

i 

ed.  The  compound  can  t be  decompofed  mere- 
ly by  railing  its  temperature  to  any  point;  but 
if  it  be  mixed  with  fome  other  fubftance  which 
has  an  attradion  to  one  of  its  component  parts, 
efpecially  to  that  which  is  fixed,  this  attradion, 
co-operating  with  the  expanfive  force  of  the  Ca- 
loric, elfeds  the  decompofition. 

\ •- 

Lafily,  a double  elcdive  attradion,  which  can- 
not otherwife  be  accompiilhed,  is  often  effeded  by 
expofing  the  fubftances  to  a ftrong  heat.  In  fuch 
cafes,  though  part  of  the  effed  is  alfo  to  be  a- 
fcribed  to  the  Caloric  diminifliing  the  force  of 
aggregation,  it  is  not  entirely  owing  to  that 
caufe ; fince  frequently  the  fame  effed  is  not  pro- 
duced when  the  aggregation  is  diininiflied  by 
folution  in  water;  on  the  contrary,  affinities  of 
an  oppofite  kind  are  frequently  exerted. 

There  are  alfo  cafes  of  double  decompofition, 
which  are  effeded  only  at  a very  low  tem- 
perature ; 
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perature ; but  thefc  are  evidently  of  a limilar 
kind. 

From  thefe  fads  it  is  obvious,  that  Caloric 
powerfully  modifies  the  exertion  of  chemical  at- 
tradion.  So  far  as  its  effeds  are  referable  to  its 
power  of  leflening  aggregatioOj  they  are  eafily 
underftood ; but  we  find  this  caufe  inlufficient 
for  the  explanation  of  every  cafe,  in  which  its  mo- 
difying power  is  prefent ; nor  has  the  theory  of  its 
effeds  been  fully  elucidated.  Some  have  attempt- 
ed to  folve  the  difficulty,  by  fuppofing  Caloric  it- 
felf  to  exert,  in  fuch  cafes,  a chemical  attradion  ; 
but  this  involves  an  inadmiflible  hypothefis,  and 
at  any  rate  it  cannot  be  applied  with  fufficient 
precifion. 

It  only  remains  to  ftate  the  opinions  entertain- 
ed refpeding  the  nature  of  chemical  attradion. 

Since  the  laws  of  its  adion  are  different  from 
thofe  which  regulate  the  adions  of  the  other  kinds 
of  attradion,  the  obvious  conclufion  is,  that  it  is 
to  be  regarded  as  a peculiar  power.  Some  phi- 
lofophers,  however,  from  a fondnefs  for  gener- 
alization, have  endeavoured  to  flicw,  that  the 
attradions  exerted  between  the  minute  particles 
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©f  bodies, 'whether  homogeneous  or  heterogene- 
ous, are  only  modifications  oF  that  more  general 
power  exerted  between  the  malTes  of  matter, 
and  at  the  greateft  diftances ; in  other  words, 
that  the  attractions  of  aggregation  and  of  com- 
bination are  ultimately  the  fame  with  the  attrac- 
tion of  gravitation. 

The  circumftance  that  has  been  particularly 
pointed  out  as  modifying  thefe  attractions,  is  that 
of  the  figures  of  the  particles  of  bodies.  “ Con- 
“ fidering  the  vaft;  diftance,  we  may  negleCt 
“ the  diameters,  and  look  upon  the  heavenly 
“ bodies,  in  mod  cafes,  as  gravitating  points. 
“ But  contiguous  bodies  are  to  be  regarded  in  a 
. “ very  different  light ; for  the  figure  and  fitua- 
“ tion,  not  of  the  whole  only,  but  of  the  parts, 
“ produce  a great  variation  in  the  efleCts  of  at- 
“ traClion.  Hence,  quantities, 'which  in  diftant 
“ attractions  might  be  negleCted,  modify  the  laws 
“ of  contiguous  attraction  in  a confiderable  de- 
“ grce.”:|; 

This  queftion  is  one  which  it  is  fcarcely  pof* 
fible  to  determine  with  certainty,  fince  we  have 

it 
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it  not  in'  our  power  tq.  eitn^i^ace  the  force  of  thofe 
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modifying  circumflances.  'vvhich  no  doubt  in  part 
exift ; and  it  is  one  comparatively  of  inferior 
importance,  lince  the  laws  by  which  thefe  at- 
tradions  act  muft  ftill  he  determined  from  ob- 
fervation  and  experiment. 


CHAP. 
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CHAP.  III. 


OF  CALORIC. 


The  terms  heat  and  cold,  as  denoting  certain  fen- 
fations,  though  incapable  of  ftridl  definition,  arc 
fufficiently  well  underftood,  Thefe  fenfai.ions  are 
excited  by  bodies  applied  to  the  organs  of  ani- 
mals; and  as  the  fame  body,  at  different  times, 
excites  very  different  fenfations,  its  power  of  excit- 
ing them  is  confidered  as  depending  on  a certain 
quality  it  pofTeffes,  or  a peculiar  fubtle  principle 
prefent  in  it ; and  which,  according  to  its  inten-r 
lity  or  quantity,  will  give  rife  to  thefe  different  ef- 
feds.  If  the  body  applied  contain  a certain 
quantity  of  it,  the  fenfation  of  heat  is  excited  ; 
if  the  quantity  be  diminiflied  to  a certain  extent, 
that  of  cold  is  produced  ; and  the  intenfity  of 
either  fenfation  is  proportioned  to  the  accumula- 
tion or  diminution  of  this  quality  or  principle. 
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Thfs  power,  whatever  be  its  nature,  is  capable 
of  being  communicated  * to  all  bodies.  When 
prefent  in  one,  it  may  be  transferred  from  it  to 
another  ; and  then  the  power  of  exciting  the  pe- 
culiar fenfation  is  alfo  transferred  : and  this  com- 
munication may  continue  to  be  made,  till  a per- 
fedl  equilibrium  of  power  is  eftabiiijied. 

Pliilofophers  have  further  obferved  other  pe- 
culiar elFefts  which  it  produces.  When  at  body 
is  heated,  it  is  alfo  invariably  expanded,  or  its 
volume  is  augmented  in  every  direclion  ; when  it 
is  cooled  again,  the  volume  is  diminilhed ; and  the 
diminution  or  increafe  of  volume  is  always  pro- 
portioned to  the  abftradtion  or  addition  ot  the 
peculiar  power  on  which  thefe  effeds  depend. 

It  has,  laftly,  been  proved,  that  when  this  ex- 
pand on  is  carried  to  a certain  extent,  bodies 
change  their  forms,  folids  becoming  fluids,  and 
fluids  being  converted  into  vapours  or  airs. 

Thefe  effeds  being  thus  infeparably  conned- 
ed,  are  juftly  confidered  as  arifing  from  the  exer- 
tion of  the  fame  power.  It  has  been  diftinguifh- 
ed  by  different  appellations ; as  Fire,  Heat,  the 
^/latter  of  Heat,  or  the  Igneou*  fluid, — terms  now 
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fuperfeded  by  the  more  unexceptionable  appeKa- 
tion  of  Calovic.  • 

By  Caloric,  then,  is  to  be  underftood,  a power 
or  quality  prefent  in  bodies,  the  caufc  of  their  ex- 
panfion,  and  of  their  converlion  into  the  fluid  and 
aeriform  ftates  j and  which,  when  prefent  in  a cer- 
tain quantity,  excites  in  animals  the  fenfation  of 
heat ; the  fenfation  of  cold  being  alfo  the  eft’ect 
of  its  abftradlion. 

Some  have  confidered  this  power,  as  a pecu- 
liar fubtle  fluid  diffufed  over  matter,  and  capable 
of  entering  into  every  body  : others  have  fup- 
pofed  all  the  phenomena  exhibited  by  heated 
bodies  to  arife  merely  from  a peculiar  ftate  of 
thofe  bodies,  or,  to  fpeak  more  precifely,  from  a 
vibratory  motion,  more  or  lefs  violent,  of  their 
minute  particles.  The  queftion  on  this  fubjcd 
will  be  more  properly  difcufled  after  the  effedls  of 
Caloric  have  been  confidered.  It  is  fufficient  to 
remark,  that  whatever  may  be  the  nature  of  this 
power,  its  exiftence  as  the  caufe  of  certain  effeds 
is  demonftratcd  ; and  thefe  eflfeds,  their  relations 
to  each  other,  and  the  general  laws  according 
to  which  they  are  produced,  may  be  invclligated 

with 
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with  fufficient  precifion,  though  the  nature  of 
the  caufe  may  remain  unknown. 


EFFECTS  OF  CALORIC. 

The  (late  of  a body,  with  refpedl  to  its  power 
of  .producing  the  effeds  above  enumerated,  as  a- 
rifing  from  the  prefence  of  Caloric,  is  termed 
Temperature.  In  each  body,  the  temperature 
depends  on  the  quantity  of  Caloric  it  contains. 
If  at  any  temperature  it  contain  a certain  quan- 
tity, the  addition  of  more  Caloric  raifes  the  tem- 
perature, or  the  body  now  poflelTes  the  power  of 
exciting  either  a weaker  fenfation  of  cold,  or  a 
ftronger  fenfation  of  heat,  and  of  producing  in 
other  bodies  a greater  degree  of  expanfion.  An 
abftradion  of  Caloric  equally  caufes  a reduction 
of  temperature.  ' 

Formerly  the  temperature  of  a body  was  efti- 
mated  by  the  fenfation  which  it  excites ; but  the 
fenfations  of  heat  or  cold,  like  all  others,  are  fo 
much  influenced  by  external  circumftances,  inde- 
pendent of  the  dired  caufe  by  which  they  are 
excited,  that  no  dependence  can  be  placed  in 

the 
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the  apparent  rpfult : and  even  if  tbe_fenfatiot 
did  afford  us  accurate  information,  it  could  do  ft 
'for  onlv  a verv  fmall  part  of  the  range  of  tempe- 
ratu  e ; iince,  beyc.nd  a certain  point  of  intenfity, 
either  heat  or  cold,  it  admits  of  no  diferimina*! 
tion. 


The  mode,  therefore,  of  eflimating  the  tern- 
perat  ure  of  bodies,  by  the  expanfion  they  fuffetj 
from  the  mtrodudion  of  Caloric,  or  the  inven- 
tion of  the  Thermometer,  was  an  important  ac- 
quHition.  The  honour  of  it  is  due  to  Sanftorius, 
an  Italian  phylician.  He  had  obierved  the  great 
expanfion  winch  air  undergoes  when  heated ; and 
it  occLired  to  him,  that  this  expanfion  might  be 
ufed  as  a mcafure  of  the  variations  of  tempera- 
ture, by  confining  the  air  in  a veffel,  with  a fmall 
quantity  of  fluid,  which,  by  its  afeent  or  defeent, 
as  it  was  preffed  upon  by  the  expanded  or  con-- 
tracled  air,  might  fliew  the  minute  alterations  of 
volume.  This  accordingly  formed  his  air  ther- 
mometer, which,  for  diftinguifhing  very  minute 
variations  of  temperature,  is  flill  fometimes  em- 
ployed. 

An  important  improvement  was  made  in  the 
inftrument,  by  fubftituting  a fluid  as  the  mcafure 
' of 
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of  expanfion,  inftead  of  air,  and  confining  it  in  a 
tube  hermetically  fealed.  Alkohol  and  Met-. 
cury  are  the  fluids  now  always  employed  : the 
former  for  meafuring  low  temperatures  at  which 
mercury  would  freeze ; the  other,  as  being 
more,.equable  in  its  expanfions,  is  preferred  for 
meafuring  the  variations  of  every  other  tempera- 
ture to  which  it  can  be  applied. 

The  thermometer,  conftruded  with  either  of 
thefe  fluids,  confifts  merely  of  a glafs  ball,  which 
terminates  in  a long  cylindrical  tube,  of  a very 
fmall  bore,  and  partly  filled  with  the  thermome- 
trical  fluid.  According  as  Caloric  is  communi- 
cated to  the  fluid  in  the  ball  of  the  thermometer, 
or  abftrafted  from  it,  its  volume  increafes  or  di- 
miniflies,  and  it  therefore  rifes  or  falls  in  the  tube. 
The  changes  of  volume  are  accurately  mcafur- 
ed  by  a graduated  fcale  : and  thus  the  tempera- 
ture of  any  body  in  conta£l  with  the  ball  is  afcer- 

tained. 

V 

In  order  that  different  thermometers  may.cor- 
refpond  together,  it  is  neceflary  that  two  fixed 
points  may  be  eflablifhed,  between  which  the 
fcale  may  be  divided,  fo  as  to  render  it  always 
uniform.  Thefe  points  have  been  obtained  in 

L the 
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the  freezing  and  boiling  of  water.  Water  freezes 
always  at  one  precife  temperature  ; if  therefore 
the  thermometer  be  immerfed  in  w'ater  which  is 
freezing,  or,  what  is  the  fame,  in  melting  fnow  or 
ice,  the  thermometrical  fluid  will  defeend  to  a cer- 
tain part  of  the  tube,  where  it  will  flop  ; and  if 
this  be  marked,  we  obtain  one  fixed  point,  which 
mufl  be  the  fame  in  every  thermometer.  Water 
boils  likewife  under  the  medium  preflure  of  the 
atmofphere  always  at  one  uniform  temperature : 
if  the  'thermometer,  therefore,  be  immerfed  in 
water  boiling  under  this  preflTure,  the  mercury 
will  rife,  and  ftand  at  a certain  part,  which  being 
matked,  will  afford  us  another  invariable  point ; 
and  if  thefe  two  points  be  connfeded  by  a fcale, 
divided  into  any  number  of  degrees,  every  inter- 
mediate temperature  may  be  afeertained  with  ac- 
curacy. In  different  countries,  the  divifion  of  the 
fcale  has  been  different;  but  when  two  points 
are  thus  fixed,  it  is  eafy,  by  calculation,  to  bring 
them  to  correfpond  with  each  other.  In  every 
thermometer,  the  fcale  divided  in  a fimilar  man- 
ner is  extended  from  both  thefe  points,  defeend- 
ing  from  the  one,  and  afeending  from  the  other. 

Fahrenheit’s  and  Reaumur’s  are  the  thermo- 
meters that  have  been  generally  ufed.  In  the 

, . former, 
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former,  which  is  the  one  ufed  in  this  country,  the 
fcale  commences  at  the  temperature  produced  by 
a mixture  of  fnow  and  fea  fait ; this  being  the 
loweft  temperature  known  in  Fahrenheit’s  time. 
The  range  of  temperature  between  this  and  the 
freezing  point  of  water,  is  divided  into  32  de- 
grees; that  point,  therefore,  ftands  at.  the  32d 
degree.’  That  part  of  the  fcale  between  the 
freezing  and  boiling  point  of  water,  is  divided 
into  180  degrees.  The  latter  point  is  therefoi;e 
.equal  to  212. 

The  divilion  of  Reaumur’s,  which  has  been 
generally  ufed  in  France,  is  more  fimple.  The 
freezing  point  of  water  is  termed  the  Zero,  or  o ; 
and  between  that  and  the  boiling  point  of  water, 
there  is  a fcale  divided  into  80  degrees,  the  point 
at  which  water  boils  being  termed  the  80th  de- 
gree above  o.  To  exprefs  higher  temperatures, 
the  fcale  is  carried  on,  divided  into  degrees  equal 
to  thofe  inferior ; and  in  like  manner  to  denote 
diminutions  of  temperature  below  the  freezing 
point  : a defeending  fcale,  divided  into  equal 

parts,  commences  at  that  point. 

The  correfpondence  between  obfervations 
made  with  thefe  thermometers  is  ealily  difeo- 

vered. 
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vered.  Each  degree  of  Fahrenheit’s  fcale  is  e- 
qual  to  4-9thsof  a degree  of  Reaumur’s.  If,  there- 
fore, the  number  of  degrees  of  Fahrenheit,  reck- 
oned above  or  below  the  freezing  point,  be  mul- 
tiplied by  4,  and  divided  by  9,  the  quotient  will 
be  the  correfpondmg  number  on  the  fcale  of 
Reaumur. 

The  centigrade  thermometer,  the  ufe  of  which 
has  been  lately  eftabliflied  in  France,  has  a fcale 
in  which  the  range  of  temperature  between  the 
freezing  and  boiling  points  of  water  is  divided  in- 
to 100  degrees. 

In  order  that  the  thermometer  might  be  em- 
ployed with  certainty  as  an  inftrument  for  mea- 
fming  variations  of  temperature,  it  was  necelTary 
to  afcertain  that  the  expanfion  and  contradion 
of  the  thermometrical  fluid  correfponded  in  e- 
very  degree  to  the  addition  or  abftradion  of  cal- 
oric. Experiments  have  been  made  with  great 
great  care  to  determine  this  point,  and  it  has 
been  found  that  in  feveral  fluids,  as  water,  fpirit 
and  oil,  the  expanfions  do  not  exadly  correfpond 
to  the  increments  of  temperature.  Mercury 
likewife  fuffers  fome  irregularities  when  its  tem-^ 
perature  rifes  nearly  to  its  boiling  point.  But  at 
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all  natural  temperatures  it  is  found  to  be  ^ CulBd- 
ently  exaft ; and  it  is  therefore  the  fluid  of  all 
others  the  moft  proper  for  the  conftrudlion  of  the 
thermometer.  Alkohol,  however,  muft  be  uied 
for  meafuring  very  low  temperatures  at  which 
mercury  would  freeze. 

To  meafure  very  high  temperatures,  different 
methods-  have  been  propofed.  The  one  that  is 
generally  ufed  is  that  founded  on  the  particular 
property  of  clay,  that  it  contrads  inftead  of  ex- 
panding by  heat.  This  forms  the  thermometer, 
or  pyrometer,  of  Wedgwood.  It  conllfls  of  two 
pieces  of  brafs,  fixed  on  a plate,  fo  as  to  be  6 lot  hs 
of ‘an  inch  afunder  at  one  end,  and  3-ioihs  at 
the  other : a fcale  is  marked  upon  them,  and 
fmall  pieces  of  baked  clay  are  adapted  to  this 
gage,  fo  as  merely  to  enter  it.  The  higher 
the  temperature  to  which  one  of  thefe  pie- 
ces of  clay  has  been  expofed,  the  greater  is  the 
contiaftion  in  its  volume,  and  of  courfe  the  far- 
ther does  it  enter  the  gage.  High  temperatures 
can  thus  be  afcertained  with  tolerable  accuracy. 
Each  degree  of  this  thermometer  is  equal  to  130 
of  Fahrenheit’s. 


Since 
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Since  the  employment  of  the  thermometer, 
or  rather  ot  the  expanfion  of  bodies  as>  a meafure 
of  their  temperature,  more  juft  and  enlarged  views 
have  been  acquired  of  the  diftribution  of  caloric. 
While  the  property  of  exciting  the  fenfation  of 
heat  was  the  only  one  by  which  that  power  was 
charadterifed,  it  feemed  an  obvious  and  juft  con- 
tlufion,  that  thofe  bodies  which  did  not  excite 
that  fenfation  contained  no  caloric  or  heat ; and 
this  was  then  the  philofophical,  as  it  is  ftill,  per- 
haps, the  popular  opinion. 

Its  fallacy,  however,  is  eafily  pointed  out. 
That  the  fenfation  which  bodies  excite  is  no  juft 
indication  of  the  quantity  of  caloric  they  con- 
tain, may  be  eafily  fliewn,  by  ftating  the  man- 
ner in  which  theie  fenfations  are  excited. 

The  temperature  of  the  human  body  is  gene- 
rally abbut  96"  of  Fahrenheit.  When  any  fub- 
ftance  at  a higher  temperature  than  this  is  ap- 
plied to  our  organs,  it  gives  out  caloric  to  the 
part  to  which  it  is  applied,  and  this  excites  the 
fenfation  of  heat;  when,  on  the  contrary,  it  is  of  a 
lower  temperature,  it  abftracfts  caloric,  and  this 
gives  rife  to  the  fenfation  of  cold.  Our  fenfa- 
tions, however,  are  all  of  them  much  influenced 

by 
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by  preceding  impreflions.  Our  body  is  furround- 
ed  with  an  air,  at  a temperature  at  leaft  in  this 
climate  always  inferior  to  the  animal  tempera- 
ture; it  is  therefore  always  abftradling  caloric. 
Hence  it  happens  that  if  any  matter  is  applied  to 

> 

the  body  inferior  to  its  temperature,  but  fuperior  '' 
to  the  temperature  of  the  furrounding  atmo- 
fphere,  the  abftradion  of  caloric  which  it  produ- 
ces is  inconfiderable,  and,  compared  with  the 
impreflion  which  the  air  makes  upon  us,  feems 
hot, — in  other  words,  lefs  cold. 

In  general,  therefore,  it  may  be  affirmed,  that 
whatever  communicates  caloric  to  our  body  pro- 
duces the  fenfation  of  heat,  and  that  whatever 
abftradls  it  caufes  the  fenfation  of  cold ; but 
that  abftracilion  requires  at  lead  to  be  great- 
er than  that  made  by  the  furrounding  atmo- 
fphere,  in  order  to  convey  to  us  the  fenfation  of ' 
pofitive  .cold.  ' ■> 

It  is  to  be  obferved  too,  that  different  bodies 
at  the  fame  temperature  will  occafion  different 
fenfations,  according  to  the  rapidity  with  which 
they  abforb,  or  give  out  caloric.  A piece  of  iron 
at  32  will  feel  much  colder  than  a piece  of  wood 
at  that  temperature ; becaufe  the  former  abflracls 
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caloric  from  the  hand,  or  whatever  part  of  the  bo- 
dy touches  it,  much  more  rapidly  than  the  other. 

From  thefc  circumflances,  it  is  evident,  that 
the  fenfation  excited  by  a body  is  no  accurate 
meafure  of  the  caloric  it  contains,  and  that  the 
fenfation  of  cold  will  be*  excited  by  any  fubftance 
whofe  temperature  is  inferior  to  that  of  the  ani- 
mal body,  though  that  fubftance  may,  and  ac- 
tually does  contain  a large  quantity  of  caloric. 

That  bodies  at  fuch  a low  temperature  contain 
it,  is  evident  from  the  fad  that  their  temperatures 
can  be  ftill  farther  reduced.  If  the  thermometer 
be  immerfed  in  water  w'hich  is  freezing,  the  mer- 
cury will  ftand  at  32®  on  Fahrenheit’s  fcale ; but 
even  in  the  cold  of  this  climate,  it  falls  occafion- 
I ally  much  lower.  At  32®,  therefore,  the  mercury 
mull  have  contained  caloric,  fince  it  is  only  by 
the  abftradion  of  this  power  that  it  could  con- 
tradl  in  volume,  and  of  courfe  defeend  in  the 
fcale.  At  Hudfon’s  Bay  the  mercury  has  defeend- 
ed  to  46  degrees  below  o of  Fahrenheit,  or  78 
below  the  freezing  point  of  water,  and  in  Siberia 
to  a ftill  lower  point.  At  all  degrees,  therefore,  a- 
bove  this,  the  thermometer  muft  have  contained 
caloric  j and  even  at  that  intenfe  cold,  of  which 
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it  is  difficult  to  form  a juft  conception,  it  muft 
have  contained  much  caloric,  lince,  by  artificial 
means,  a ftill  further  reduction  of  it  could  be  ef- 
fedled  : and  if  the  mercury  in  the  thermometer 
contained  caloric  in  thefe  extreme  colds,  all  bo- 
dies muft  have  contained  it,  fince  it  is  the  invari- 
able property  of  this  power  to  diffufe  itfelf,  till  an 
equilibrium  of  temperature  is  eftabliftied. 

I 

But  even  at  that  temperature,  there  is  not  the 
leaft  reafon  to  believe,  that  bodies  were  near  to  be- 
ing deprived  of  their  caloric,  fince  even  then  their 
particles  muft  have  been  far  from  being  in  actual 
contadl ; and  it  is  only  by  the  repulfive  power 
of  caloric  that  thefe  particles  are  kept  afunder. 
This  affords  a ftill  more  extenfive  view  of  the 
diftribution  of  this  power.  A folid  body  is  to  be 
conceived  of  as  confifting  of  a number  of  parti- 
cles of  the  fame  nature,  kept  at  certain  dif- 
tances  from  each  other  by  its  agency  or  in- 
terpofition ; when  a portion  of  caloric  is  with- 
drawn, thefe  particles  approach  nearer  to  each 
other  ; and  hence  the  diminution  of  volume 
that  takes  place.  But  any  condenfation  hither- 
to effeifted,  is  very  far  from  that  in  which  thefe 
particles  would  be  in  conta61;  j nor,  perhaps,  is  fucli 
a condenfation  poffiblc. 
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It  has  farther  been  eftablifiied,  that  the  fluid 
and  aeriform  ftates  of  bodies  are  owing  to  the  pre- 
fenee  of  caloric:  and  therefore,  as  many  fluids  re- 
quire to  be  expofed  to  the  mofl:  intenfe  cold  in  or- 
der to  freeze  them,  as  there  are  even  fome  which 
have  not  yet  been  frozen ; and  further,  as  the 
greater  number  of  the  airs  have  not  yet  been 
brought  even  to  the  fluid  ftate, — it  is  evident  that 
the  lowed;  temperature  which  has  been  produced, 
is  far  from  that  point  at  which  caloric  would  be 
totally  abftradied. 

We  are  therefore  “ to  confider  all  bodies  on 
“ the  earth,  and  this  planet  itfclf,  as  penetrated 
“ with  an  immenfe  quantity  of  caloric,  of  which 
“ it  is  impoffible  for  us  to  deprive  them  entirely, 
“ to  whatever  degree  we  may  diminifli  their 
“ temperature.”  X 

It  is  a portion  of  this  caloric  that  is  fo  fre- 
quently difengaged,  and  rendered  fenfible,  by 
chemical  adion,  as  in  the  familiar  example  of 
combuftion. 

or 
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O F the  effedls  produced  upon  bodies  by  Calr 
oric,  the  moft  general  is  Expanfion.  When  the  • 
temperature  of  a body  is  raifed,  its  volume  is 
augmented  in  every  diredbion  ; and  when  the 
temperature  is  again  reduced,  it  contradls,  and 
continues  contradling,  proportional  in  general  to 
the  reduclion  of  temperature. 

In  different  bodies,  the  expanfion  produced 
by  the  addition  of  a given  quantity  of  caloric  is 
very  different ; folids  are  much  lefs  expanded 
than  fluids,  and  fluids  much  lefs  than  vapours  or 
airs ; and  in  general  it  may  be  faid,  that  the  ex-  j 
panfibility  is  inverfely  as  the  denfity.  It  is  only 
in  a general  fenfe,  however,  that  this  is  true ; the 
exceptions  to  it  are  even  numerous ; metals,  for 
example,  are  more  expanded  than  glafs,  by  a gi- 
ven change  of  temperature,  though  they  are 
much  more  denfe. 

Neither  are  the  expanfions  in  each  body  pro- 
portioned to  the  quantities  of  caloric  it  receives. 

If  a certain  degree  of  expanfion  be  produced  by 

the 
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the  communication  of  a given  quantity  of  caloric, 
that  produced  by  a quantity  double  of  the  for- 
mer will  not  be  precifely  double.  In  general  it 
has  been  found  that  the  expanlions  go  on  in  an 
increafing  feries  ; they  fuffer  a greater  degree  of 
cxpanfion  at  a high  temperature,  than  they  would 
do  from  the  addition  of  an  equal  quantity  of  cal- 
oric at  a lower  temperature.  Mercury  is  more 
regular  in  its  expanlions  than  any  other  fubllance 
that  has  been  examined. 

To  the  law  that  bodies  are  expanded  by  calo- 
ric, there  are  fome  remarkable  exceptions.  The 
freezing  of  fluids,  or  their  tranlition  to  the  folid 
Hate,  is  the  molt  general  one.  When  a fluid  has 
its  temperature  reduced,  it  continues  to  contrail 
with  more  or  lefs  regularity,  till  it  reaches  the 
point  at  which  it  becomes  folid.  In  becoming 
concrete,  however,  inftead  of  following  the  ge- 
neral law,  and  contracting,  it  in  many  cafes  ex- 
pands, and  in  fome  fluids,  particularly  water,  its 
cxpanlive  force  is  very  great.  This  expanfion 
has  been  attributed  to  the  extrication  of  a por- 
tion of  air,  which  the  fluid  held  dilTolved  in  it. 
This  has  fometimes  a lliare  in  producing  the  ef- 
fedl,  but  it  is  not  the  foie  caufe;  lince  it  llill  takes 
place  when  the  fluid  has  been  previoufly  freed 
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from  air,  or  in  fluids  which  contain  none.  It  has 
been  explained  on  the  fuppofition  that  the  parti- 
cles of  the  fluid  have  a certain  polarity,  or  tenden- 
cy  to  unite  by  certain  fides  in  preference  to  o- 
thlrs,,  when  they  aflume  the  folid  ftate,  and  thus 
run  into  lines,  applied  to  each  other  at  a certain 
angle,  by  which  the  volume  is  increafed. 

Water  affords  a ftill  more  Angular  exception. 

It  not  only,  in  common  with  other  fluids,  expands 
in  becoming  folid,  but  it  does  fo,  even  for  feve-  \ 
ral  degrees,  before  it  arrives  at  its  freezing  ^ 
point.  This  expanfion  begins  about  the  40th 
degree  of  Fahrenheit.  Previous  to  its  tempe- 
rature being  reduced  to  that  point,  its  volume 
dirainilhes  as  caloric  is  abftradcd  from  it ; but 
when  it  has  fallen  to  the  40th  degree,  it  begins  to 
expand,  and  it  continues  expanding,  while  its 
temperature  is  reduced  to  32,  at  which  it  freezes. 
The  caufe  of  this  lingular  phenomenon  has  not 
been  pointed  out. 

There  is  only  one  other  exception  to  the  ex- 
panflon  of  bodies  from  the  entrance  of  caloric, — 
that  of  the  pecuhar  earth  termed  Argil,  which 
is  the  principal  conflituent  part  of  the  natural 
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davs.  It,  and  the  feveral  compounds  in  which 
it  predominates,  contract  bj  increafe  of  tempera- 
ture. 

With  thefe  exceptions,  all  bodies  which  haVe 
not  their  compofition  or  texture  changed  by  ca- 
loric, fufFer  expanfion  from  its  introduction,  and 
contrad  again  when  it  is  withdrawn. 

From  the  increafe  of  volume  in  bodies  from  ca- 
loric, it  is  evident  that  their  temperatures  mull  be 
attended  to  in  eftimating  their  fpecific  gravities ; 
fince  a given  volume  of  any  body  at  a high  tem- 
perature, mult  weigh  lefs  than  the  fame  volume 
at  a low  temperature. 


FLUIDITY. 

This  is  the  Jecorid  general  efFe£l  produced  in 
bodies  by  the  entrance  of  caloric.  When  a folid 
is  heated,  it  is  expanded  ; as  its  temperature  is 
railed,  this  expanlion  proceeds,  till  its  particles  are 
feparated  to  fuch  dillances  as  to  be  eafily  move- 
able  in  every  diredion ; this  conflitutes  fluidity. 
By  a redudion  of  temperature  the  particles  again 

approach  ; 
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approach ; when  within  certain  diftances  they  u- 

nite,  and  the  fluid  is  brought  back  to  the  folid 
ftate. 

Thefe  changes  of  form  depend  on  the  adlions  of 
two  oppofite  powers  upon  matter.  By  the  mu- 
tual attradion,  or  force  of  cohefion,  which  fubfifts 
between  the  particles  of  bodies,  they  are  held  to- 
gether fo  as  to  form  folid  mafles ; by^the  repulfive 
power  of  caloric,  they  are  feparated  to  diftances 
at  which  this  attradion  ceafes.  When  the  for- 
mer force  predominates,  the  body  exifts  in  the  fo- 
lid date ; when  the  latter  prevails,  it  palfes 
into  the  fluid  form.  Fluidity,  therefore,  is 
not  cflentiai  to  any  fpecics  of  matter,  but 
always  depends  on  the  prefence  of  a quan- 
tity of  caloric.  Solidity  is  the  natural  ftate 
of  every  body  ; and  there  can  be  no  doubt 
that  every  fluid  is  capable  of  being  rendered  fo- 
lid by  a due  redudion  of  temperature,  as  every 
folid  may  be  fufed  by  the  agency  of  caloric,  if 
the  caloric  does  not  decora pofe  them  at  a tempe- 
rature inferior  to  that  which  would  be  neceflary 
for  their  fufion. 

Fluidity  differs  from  expanfion  in  the  mode 
in  which  it  is  induced.  Expanlion  is  pro- 
duced 
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duccd  gradually,  there  being  as  maily  degrees 

of  it  as  there  are  degrees  of  temperature ; while 

0 

fluidity  is  in  general  fudden,  and  always  takes 
place  at  a precife  temperature. 

I 

In.  the  reduftion  of  fluids  to  the  folid  flate, 
there  are  fome  circumftances  which  have  an  in- 
fluence in  producing  the  change,  independent  of 
the  ra^e  abflradlion  of  caloric.  Thefe  are  agita- 
tion, and  the  introdu<5iion  of  a folid  particle  of 
the  fame  kind  of  matter  ; a fluid,  water  for  ex- 
ample, may,  by  carefully  avoiding  agitation,  be 
cooled  feveral  degrees  below  the  temperature 
at  which,  without  this  precaution,  it  would  become 
f(jlid  ; but  the  inftant  it  is  agitated,  its  congela- 
tion begins,  and  its  temperature  rifes  to  that  of  its 
ufual  freezing  point.  The  fame  effe6t  is  produc- 
ed by  bringing  in  contad  with  the  fluid  a folid 
particle  of  the  fame  matter,  as  in  the  cafe  of  wa- 
ter, by  placing  a particle  of  ice  on  its  furface. 

Thefe  phenomena  have  been  explained,  on 
the  fuppofition  that  the  congelation  of  water,  and 
other  examples  of  a fimilar  kind,  are  cafes  of 
cryftalliiation  ; and  that  the  agitation,  by  chang- 
ing the  lituations  of  the  particles,  places  fome  of 

them 
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them  in  thefe  pofitions  in  v/hich  they  are  difpof- 
ed  to  unite.  The  contact  of  the  folid  particle  fa- 
vours the  freezing,  by  affording  a nucleus,  whence 
the  cryftallization  may  commence. 

During  liquefafhion,  a quantity  of  caloric  is 
abforbed  by  the  body,  which  does  not  raife  its 
temperature;  an  important  chemical  phenomenon, 
the  explanation  of  which  muft  be  referred,  until 
the  queftion  refpeding  the  quantities  of  caloric 
which  bodies  contain,  is  confidered. 


OF  VAPORISATION. 

% 

When  a body  has  been  rendered  fluid  by  cal- 
oric, by  the  farther  addition  of  this  power,  the 
fluid  is  expanded  in  the  fame  manner  as  when  it 
exifted  in  the  ftate  of  folidity.  This  expanfioti 
continuing  to  increafe  as  the  temperature  is  raif- 
ed,  the  particles  of  the  body  are  at  length  feparat- 
ed  to  fuch  diftances,  that  a change  of  form  again 
takes  place  ; the  attraction  of  cohefion  is  entirely 
overcome,  a repulfive  or  elaftic  power  is  acquir- 
ed, and  the  body  becomes  invifiblc,  or  palfes  into 
the  aeriform  flate.  This  is  the  third  general 
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effed  of  caloric.  It  is  properly  termed  Vaporlfa- 
tion  ; the  body  exilling  in  this  ftate  is  termed  Va- 
pour, Air,  or  Gas. 


Some  folids,  by  an  increafe  of  temperature,  are 
converted  into  vapours  without  pafling  through 
the  intermediate  ftate  of  fluidity ; but  when  heat- 
ed under  a greater  prelTure  than  that  of  the  at- 
mofphere,  thefe  alfo  may  be  rendered  fluid. 

The  diftinguiihing  property  of  bodies  exifting 
in  the  gafeous  form  is  Elafticity,  or  the  capabili- 
ty of  being  reduced  into  lefs  volume  by  preflure, 
and  of  expanding  again  when  that  preflTure  is  re- 
moved. All  the  vapours  and  airs  polTefs  it,  and 
it  is  nearly  peculiar  to  them.  This  elafticity  is 
much  augmented  by  increafe  of  temperature,  and 
it  is  often  exerted  with  very  great  force.  Their 
compreflibility  alfo  is  very  great. 

I 

Rarity  is  'another  property  diftinguifliing  bo-  ^ 
dies  in  this  form.  This  rarity  is  fo  great,  that 
their  particles  are  perfecliy  invifible.  Vapours  ^ 
in  the  ad  of  condenfation  become  opaque,  and 
fome  of  the  gases  are  difcernible  by  their  co- 

Pi 
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It  is  fcarcely  neccflary  to  add,  that  Gravity  is 
u property  poflefled  by  all  the  vapours,  or  gases, 
fince  they  are  all  folid  matters,  brought  into  this 
form  by  the  adion  of  caloric.  Their  fpecific 
gravities,  however,  although  different  from  each 
other,  are  much  inferior  to  that  of  any  fluid. 

The  point  at  which  bodies  pafs  into  the  gafeous 
ftate  is  very  various.  Some  affume  it  at  fo  low  a 
temperature,  that  even  the  moft  intenfe  cold 
that  has  been  produced  is  infufficient  to  reduce 
them  to  the  fluid  form  ; others  are  convertible  in- 
to  vapour  at  a moderately  high  temperature,  and 
condcnfe  again  when  that  temperature  is  re- 
duced; while  there  is  a third  clafs  of  bodies, 
the  metals  and  earths,  for  example,  not  con- 
vertible into  vapour  but  by  the  moft  intenfe  heat ; 
there  are  even  fome  of  them  which  have  not  fuf- 
fered  this  change.  Thefe  are  termed  Fixed,  in 
contradiftindion  to  thofe  which  are  volatile,  or 
eafily  convertible  ihto  vapour  : but  the  term  is 
merely  relative  ; as  there  can  be  no  doubt 
that  even  thefe  bodies  are  volatile,  though  it  may 
be  at  a higher  temperature  than  has  hitherto  been 
produced. 


This 
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This  difterence  in  the  temperatures  at  which 
bodies  affume  the  aerial  form,  has  given  rife  to  a 
diftinclion  eftabhlhed  in  chemical  language — that 
between  vapours  and  airs  or  gases.  Vapours  are 
/ thofc  light  invilible  elaftic  fluids  which,  by  cold 
T.  or  prefllire,  can  be  reduced  to  the  liquid  form. 
Airs,  or  Gases,  (for  thefe'  two  terms  are  fynony- 
mous)  are  likewife  invifible  and  elaftic  ; but  their 
elafticity  is  permanent,  or  they  cannot  by^ny  cold 
or  prefllire  which  we  can  command  be  deprived 
of  their  aerial  form.  Atmofpheric  air  is  one  of 
thefe  permanent  gases ; and  there  are  a number  of 
others,  diftinguifhed  from  each  other  by  peculiar 
chemical  properties. 

The  fame  opinion  has  been  entertained  of  the 
nature  of  the  aeriform  ftate,  as  was  once  main- 
tained refpecling  fluidity.  It  has  been  confidered 
^ as  natural  or  eflential  to  thofe  bodies  which  ex- 
ift  in  it.  But  modern  Chemiftry  has  fuflici- 
ently  demonftrated,  that  the  airs  owe  their  form 
to”  the  prefence  of  caloric  ; that  could  this  be 
fufficiently  abftradled,  they  would,  like  the  va- 
pours, be  reduced  firfl;  to  the  fluid, -and  then 
to  the  folid  ftate,  and  that  they  differ  from 
thefe  vapours  in  nothing,  but  in  alTuming 
, the 
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the  aeriform  ftate  at  a temperature  extreme- 
ly low.  It  is  probable  that  means  will  be  difco- 
vered  of  producing  temperatures  Hill  lower,  fo 
that  thefe  bodies  may  be  deprived  of  their  gafe- 
0U3  form;  two  of  them  indeed,  which  were  believ- 
ed to  be  permanently  elaftic,  have,  by  extreme 
cold  and  prelTure,  been  reduced  to  the  fluid  Hate ; 
and  as  we  have  fucceeded  in  freezing  mercury 
and  ether,  which  were  once  regarded  as  eflential- 
ly  fluid,  Chenufts  may  fucceed  in  condenfing  at- 
mofpheric  air,  or  other  gases,  and  thus  difcover- 
ing  their  folid  bafes.  By  caufing  them  to  enter 
into  combination  with  each  other,  or  with  other 
bodies,  we  obtain  compounds  in  the  fluid  or  fo- 
lid form ; and  fuch  combinations  are  always  ac- 
j corapanied  with  the,  difcngagemcnt  ot  a large 
quantity  of  caloric; 

The  tranfition  of  bodies  to  the  aeriform  ftate 
is  much  influenced  by  the  preflTure  of  the  atmo- 
fphere.  It  refills  the  expanfion  of  their  bafes  from 
the  agency  of  caloric  : hence,  to  produce  this 
change  of  form,  a greater  rife  of  temperature  is 
neceflary  when  that  preflTure  is  prefent,  than 
when  it  is  removed  ; and  by  increafmg  the  pref- 
fure,  fluids  may  be  heated  to  a very  intenfe  de- 
gree. On  this  influence  of  prelTure  on  vaporifa- 

tion, 


CALORIC. 


94 

* 

tiuT,  depend  the  variations  in  the  boiling  point  of 
fluids,  from  the  varying  prefiiire  of  the  atmo-' 
fphere.  . 

Bodies,  in  pafling  into  the  aeriform  ftate,  ab- 
' forb  a large  quantity  of  caloric,  which  does  not 
incrcafe  their  temperature, —an  important  chemi- 

I \ 

cal  phenomenon,  which  is  to  be  immediately  ex- 
plained. 

Although  the  attradlion  of  aggregation,  which 
is  fo  powerful  in  counteradling  the  exertion  of 
chemical  attradlion,  is  entirely  overcome  in  bo- 
dies exifting  in  the  gafeous  form,  yet  contrary  to 
what  we  fliould  expedl,  we  find  in  them  no  great 
facility  of  combination  ; on  the  contrary,  as  has 
been  obferved  in  treating  of  the  influence  of  ca- 
loric on  chemical  attradlion,  they  combine  in  ma- 
ny cafes  with  difficulty,  and  only  at  a very  high 
temperature.  How’ are  thefe  circumflanc es  to 
be  explained  ? 

1 

The  caufe  of  the  firft  Angularity,  the  difficulty 
of  combination  between  bodies  in  the  aerial  form, 
is  probably  the  great  diftances  at  which  their 
particles  are  placed.  Each  folid  particle  in  a gas 
is  undoubtedly  placed  at  a confiderable  diftance 

from 
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:from  the  others,  by  the  rcpulfive  power  of  calo- 
ric : when  two  gases,  therefore,  are  mixed,  the  par- 
ticles of  the  one  muft  remain  at  a diftance  from 
thofe  of  the  other;  and  as  chemical  attradlion 
is  exerted  only  within  a certain  diftance,  no 
combination  can  take  place  between  them. 
Hence  we  find,  that  in  the  vapours,  the  facili- 
ty of  combination  is  much  greater  than  in  the  gas- 
es, becaufe  in  the  former  the  particles  are  lefs  fe- 
parated,  and  there  is  befide  a perpetual  tendency 
to  condenfation  ; that  even  amongft  thofe  of  the 
permanent  gases  between  which  a ftrong  chemi- 
cal attraction  exifts,  the  repulfive  power  is  over- 
come, and  the  particles  brought  into  union  ; and 
that  a union  is  in  general  more  eafily  effected  be- 
tween a gas  and  a body, in  the  fluid  or  folid  form, 
than  between  two  gases;  fince  the  particles  of  the 
one,  being  lefs  feparated  from  each  other,  may  be 
brought  more  nearly  in  contaCt  with  thofe  of  the  o- 
ther,  and  therefore  any  attraction  exifting  between 
them  may  be  more  effectually  exerted. 

Another  queftion  more  difficult  remains  to  be 
folved.  How  does  the  introduction  of  more  ca- 
loric operate  in  effecting  the  combination  of  bo- 
dies in  the  gafeous  form  ? Two  gases  may  be 
mingled  together  without  fhewing  any  tendency 
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to  unite  ; but  if  a fpark  be  introduced  into  the 
mixture,  either  from  an  ignited  body,  or  from  e- 
ledlricily,  their  combination  takes  place  with  ra* 
pidity.  Yet  by  Inch  means  we  fhould  rather 
fuppofe,  that  a greater  expanfion  would  be  pro- 
duced, and  the  particles  feparated  to  greater  dif- 
tances. 

Is  the  following  hypothelis  adequate  to  the  fo-^ 
lution  of  this  difficulty  ? When  a fpark  is  intro- 
duced into  the  mixture  of  two  gases  having  an 
attradion  to  each  other,  tlie  point  on  which  it 
falls  is  immediately  heated  to  an  intenfe  degree  ; 
whence  an  expanfion,  proceeding  from  that  point 
as  from  a centre,  is  produced;  and  this  expanfion, 
by  the  preflTure  it  mull  occafion  on  the  furround- 
ing  particles,  wall  caufe  them  to  approximate,  and 
thus  to  unite.  The  whole  effedt  is  inftantaneous, 
and  it  is  upon  the  fudden  operation  that  it  de- 
pends. Were  the  caloric  to  be  flowly  introduced, 
the  expanfion  would  be  flowly  extended  over 
the  whole  mafs,  and  would  be  equal  through- 
out 3 the  particles,  therefore,  would  be  ftill  far- 
ther feparated.  But  a Angle  point  being  mere- 
ly heated  to  a high  degree,  while  the  lurround- 
ing  particles  remain  at  their  ufual  temperature, 
the  expanfion  from  the  former  inuft  fuddenly 
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.prefs  upon  the  latter,  much  more  Quickly  than 
.the  temperature  can  be  communicated.  Thefe, 
therefore,  inftantly  approximate  within  the  verge 
;of  chemical  attra6lion,  and  thus  the  union  mull 
Ibe  effected.  After  it  has  taken  place,  more  cal- 
coric  is  rapidly,  but  fuccefsively,  extricated  by  the 
^combination  itfelf,  which  will  of  courfe  produce  a 
ilimilar  effe6t  on  the  remaining  mafs,  till  the  com- 
Ibination  is  completed.  There  are  fome  gases, 
Ihowever,  from  the  union  of  which  fo  little  caloric 
iis  extricated,  that  the  introdudion  of  a lingle 
Ifpark  is  infufficient,  and  therefore  a ftream  of 
ifparks  muft  be  kept  up. 


OF  THE  PROPAGATION  OF  CALORIC. 

I 

All  bodies  are  permeable  to  caloric,  and  it 
has  a conftant  tendency  to  diffufe  itfelf  over  mat- 
ter, till  an  equilibrium  of  temperature  is  eftablifh- 
ed.  It  is  impoffible  to  accumulate  it  in  any  body 
beyond  a certain  extent,  or  to  preferve  it  in  that  ac- 
cumulated date.  If  a body,  at  a high  temperature, 
is  placed  amongft  a number  of  others  at  a low 
temperature,  the  excefs  of  caloric  which  it  con- 
tains paffes  off  from  it,  till  it  arrives  at  the  fame 

O temperature 


9^  CALORIC.' 

temperature  with  thofe  around  it : and  in  like 
manner,  when  a cold  body  is  placed  among  o- 
thers  that  are  hot,  it  continues  to  receive  caloric 
from  them,  till  its  temperature  rifes  to  an  equali- 
ty with  theirs.  This  propagation  of  caloric  takes 
place  even  through  the  Torricelian  vacuum  ; and 
it  is  evidently  owing  to  its  repulfive  power  which 
conftantly  tends  to  an  equilibrium, 
ii'  ' 

Bodies,  in  receiving  or  parting  with  caloric, 
do  fo  with  very  different  degrees  of  celerity;  fome 
being  quickly  heated,  and  as  quickly  cooled ; o- 
thers  undergoing  thefe  changes  much  more  llow- 
ly.  If  a number  ©f  bodies  be  expofed  to  a com- 
mon fource  of  caloric,  they  will  all  at  length  arrive 
at  the  fame  temperature,  but  fome  will  do  fo  much 
more  quickly  than  others  : and  if  after  they  have 
attained  this  common  temperature,  they  be  re- 
moved from  the  fource  whence  they  received  cal- 
oric, the  fame  difference  will  be  obfervable  in  the 
celerity  with  which  their  temperatures  fall.  Each 
body  always  receives  and  parts  with  caloric  with 
the  fame  celerity. 

The  permeability  of  bodies  to  caloric  is  term- 
ed their  Conducing  power.  Thofe  which  re- 
ceive and  part  with  caloric  quickly,  are  faid  to  be 

better 
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better  condadors  of  it,  than  thofe  which  re- 
ceive and  part  with  it  more  llowly.  In  general, 
the  ccnduding  power  is  nearly  as  the  denliry  of 
bodies ; thofe  which  are  rare  and  porous,  being 
lefs  perfed  condudors  than  thofe  which  are  more 
denfe.  Thus  the  metals  are  the  heft  condudors. 
But  to  this  general  rule  there  are  many  excep- 
tions. The  heft  condudors  of  eledricity  are  alfo 
the  bed;  condudors  of  caloric,  though  neither  is  this 
correfpondence  uniform.  The  exifting  tempera- 
ture has  a conliderable  ihfluence  on  the  condud- 
ing  power  ; caloric  being  tranfmitted  through 
the  fame  body  at  different  temperatures,  with 
different  degrees  of  celerity : at  a high  tempera- 
ture it  parts  with  it  much  more  rapidly  than 
it  does  at  a low  temperature.  The  celerity  with 
which  any  body  is  heated  or  cooled,  is  cceteris 
^pdiribus^  proportioned  to  the  extent  of  contad  with 
the  body  by  which  caloric  is  added  or  abftraded. 
Hence  the  fame  matter,  when  in  maffes  of  equal 
weights,  but  of  different  figures,  have  their  tem- 
peratures altered  with  different  degrees  of  celeri- 


From  the  difference  amongfl;  bodies  in  their 
power  of  conduding  caloric,  arifes  the  great  dif- 
ference in  the  fenfation  excited  by  their  applica- 
tion, 
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tion,  when  at  the  fame  temperature,  to  our  organs. 
The  fcnfation  of  cold  is  produced  by  whatever 
abffrads  caloric  from  the  part  to  which  it  has  been 
applied ; and  of  two  bodies  at  the  fame  tempera- 
ture, the  one  which  is  the  belt  conductor  of  caloric 
will  abfl:ra6l  it  moll  rapidly,  and  therefore  occa- 
lion  a more  intenfc  fenfation  of  cold.  The  fenfa- 
tion  of  heat,  again,  is  produced  by  whatever  com- 
municates caloric  to  our  organs;  that  body,  there- 
fore, which  is  the  heft  condudlor,  will  alfo  part 
with  a larger  quantity  in  a given  time;  and  there- 
fore, when  applied  hot,  will  excite  a greater  fen- 
fation of  heat,  than  another  will  do  at  the 
fame  temperature,  which  is  a worfe  condudor. 
Hence  a piece  of  metal  at  a low  temperature,  ap- 
pears to  be  much  colder  than  a piece  of  wood, 
tho’  their  temperatures  are  fhewn  to  be  the  fame 
by  the  thermometer  ; and  on  the  contrary,  it  will 
at  a high  temperature  appear  like  wife  to  be  hotter 
than  the  other. 

Many  ufeful  applications  are  made  of  this  dif- 
ference in  the  permeability  of  bodies  to  caloric  ; 
as  in  the  different  contrivances  to  prevent  the 
wafte  of  heat  in  chemical  operations,  or  to  guard 
againft  the  effeds  arifing  from  the  fudden  altera- 
tions of  temperature.  The  caufe  of  the  w’armth 
' of 
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of  different  kinds  of  clothing  is  likewife  to  be  ex- 
plained from  this  difference  of  conduding  power. 

The  preceding  obfervations  apply  only  to  the 
conducing  power  of  folids.  With  refpedl  to  fluids 
two  opinions  are  at  prefent  entertained ; one  which 
confiders  them  as  capable  of  conducting  caloric, 
though  very  imperfectly  ; the  other  which  fuppo- 
fes  them  abfolutely  impermeable  to  this  power. 

When  caloric  is  diftributed  over  any  mafs  of 
matter,  we  conceive  of  it  as  palling  from  one  par- 
ticle to  another,  and  this  conllitutes  the  conduc- 
ing power,  this  being  more*  or  lefs  perfect  as 
the  paflage  of  the  caloric  is  more  or  lefs  ra- 
pid. In  this  way  it  was  always  imagined,  that 
caloric  might  be  diftributed  through  fluids,  as 
well  as  folids ; at  the  fame  time  it  was  al- 
lowed, that  the  diftribution  through  the  former 
was,  in  part  at  leaft,  effected  in  another  mode. 
When  a body  has  its  temperature  raifed,  it  is  ex- 
panded or  increafed  in  volume,  and  confequently 
its  fpecific  gravity  becomes  lefs.  If  a portion  of 
any  fluid,  therefore,  be  heated,  it  mull  change  its 
place  and  rife  to  the  furface,  another  portion  muft 
come  into  contact  with  the  part  from  which  the 
caloric  is  commi:-iicated,  be  heated,  and  afeend  ; 

and 
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and  thus  the  whole  mafs  is  fuccellively  brought 
into  contadt  with  that  part,  till  a common  tempe- 
perature  is  formed,  or  the  fluid  is  evaporated. 

In  both  thefe  ways  caloric  was  conceived -to 
be  diflufed  over  any  mafs  of  fluid.  The  part 
which  is  heated  afcends,  and  another  portion 
comes  to  be  heated.  At  the  fame  time  it  was 
fuppofed,  that  the  caloric  is  alfo  communicated 
from  one  part  of  the  fluid  to  the  other  parts  with 
which  it  comes  in  contadl,  and  thus  the  tempera- 
ture of  the  whole  is  railed  more  quickly  than 
if  it  were  diftributed  merely  by  the  fuccef- 
flve  applications  of  the  fluid  to  the  heated 
furface.  It  was  alfo  fuppofed,  that  the  conduc- 
ing power  of  different  fluids  is  very  various ; and 
experiments  were  inftituted  to  afeertain  thefe  dif- 
ferences. 

In  oppofition  to  this  opinion.  Count  Rumfordhas 
lately  endeavoured  to  fhew,thatcaloric  is  propagat- 
ed thro’  fluids  folely  in  one  of  thefe  modes,  by  the 
fucceilive  applications  of  the  fluid  to  the  heated 
part ; and  that  the  portion  which  is  heated  gives 
none  of  its  caloric  to  the  reft  of  the  mafs.  “ Al- 
“ though  the  particles  of  any  fluid  individually 
“ can  receive  heat  from  other  bqdies,  or  commu- 
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nicate  it  to  the  in ; yet  among  thefe  particles 
“ themfelves,  all  interchange  and  communication 
of  heat  is  abfolutely  impoflilllc.”  Fluids,  there- 
fore, are  perfect  nonconductors  of  caloric. 

Count  Rumford  was  led  to  adopt  this  opinion, 
from  obferving,  that  when  a fluid  is  heated,  ver}^ 
rrapid  afeending  and  defeending  currents  are  pro- 
.duced  in  it ; and  that  when  the  motions  of  its 
[particles  are  impeded  from  its  vifeidity,  or  from 
tthe  intermixture  of  folid  matter,  caloric  is  propa- 
igated  through  it  with  extreme  flownefs.  Thefe 
facts  he  eftabliflies  by  numerous  and  ftriking  ex- 
[periments. 

He  has  alfo  endeavoured  to  eftablifh  it  by  \ 
imore  diredt  proof.  It  is  evident,  that  if  his  opi- 
mion  be  juft,  a fluid  cannot  be  heated  down- 
wards; that  is,  if  a heated  body  is  applied  to 
ithe  furface  of  the  fluid,  the'  portion  in  contad 
with  it  will  be  heated,  but,  according  to  the  o- 
ipinion,  it  cannot  communicate  caloric  to  the  flu- 
id beneath  it,  and  it  will  not  change  its  place, 
fince,  by  being  heated,  its  fpecific  gravity  is  di- 
minifhed,  fo  that  it  iieceflanly  mufl  remain  occu- 
pying the  upper  part : hence  no  change  of  tem- 
-perature  can  take  place  through  the  mafs. 


The 
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The  refearches  of  Count  Rumford  on  this 
fubje<3:  afford  very  ftriking  refults.  Ke  found 
that  water  may  be  heated  fo  far  that  it  lhall  boil 
in  the  upper  part  of  a glafs  tube,  while  that  be- 
neath has  not  its  temperature  fenfibly  increafed  ; 
that  water  may  be  even  made  to  boil  within  i-4th 
of  an  inch  of  a furface  of  ice,  without  immedi- 
ately melting  it ; and  that  ice  fixed  at  the  bottom 
of  a cylindrical  vcflel,  filled  with  boiling  water, 
melts  more  than  eighty  times  flower  than  when 
it  is  allowed  to  fwim  on  its  furface.  Nor  would 
it  even  melt  at  all,  Count  Rumford  fuppofes, 
were  it  not  for  the  lingular  property  polfelTed^^ 
water,  that  when  its  temperature  is  rcduced%e- 
low  40°,  a farther  reduilion  of  temperature  down 
to  32°  does  not  diminifti  its  volume,  but  occafions 
a degree  of  expanfion.  Hence  when  the  water 
in  contad  with  the  ice  has  its  temperature  redu- 
ced below  40°  or  39",  it  does  not  remain  covering 
it,  but  becoming  fpecifically  lighter  afcends.  Its 
place  is  fupplied  by  water,  whofe  temperature  is 
fuperior  by  one  or  two  degrees  to  40;  and  thus 
the  whole  mafs  of  water,  after  a certain  length 
of  time,  is  fucceffively  brought  into  contadl  with 
the  ice,  and  communicates  to  it  caloric,  by  which 
it  is  at  length  melted.  From  this  Angular  fadl, 

Count 
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Count  Rumford  drew  the  conclufion,  that  if  wa- 
ter be  a non-condu6lor  of  caloric,  a quantity  of  it 
at  the  temperature  of  40'',  muft  be  able  to  melt 
as  much  ice  in  any  given  time,  when-Jianding 
on  its  fur  face  ^ as  an  equal  volume  of  water  at  a- 
ny  higher  temperature,  even  though  it  were 
boiling  hot ; a conclulion  which,  on  experiment, 
he  found  to  be  juft. 

Count  Rumford  made  a variety  of  other  ex- 
perim.ents,  to  prove  that  caloric  cannot  be  com- 
municated from  one  body  to  another,  if  a fmall 
quantity  of  any  fluid,  as  of  water,  oil,  or  mercury, 
intervene,  and  if  no  part  of  that  fluid  change  its 
place.  From  the  whole  he  concludes,  that  fluids 
are  abfolutely  non-condudors  of  caloric. 

4' 

It  is  difficult  to  determine  whether  this  con- 
clufion  is  ftridlly  juft,  or  whether  fluids  only  con- 
dudl  caloric  with  extreme  flownefs.  Although 
the  greater  number  of  Count  Rumford’s  expe- 
riments do  no  more  than  eftablifh  the  latter 
conclufion,  yet  there  are  fome  of  them,  thofe 
particularly  which  were  made  to  prove  that  ca- 
loric does  not  defccnd  through  fluids,  the  refults 
of  which  feem  inconfiftent  with  the  fuppofition, 
that  a body  in  the  fluid  form  pofleiTesanycondud- 
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ing  power.  The  experiments  of  other  Chemiils, 
it  is  true,  have  been  lefs  favourable  to  Count 
Rumford’s  conclufions ; but  all  experiments  of 
this  kind  are  liable  to  fources  of  fallacy,  the  ef- 
fedls  of  which  are  much  greater  than  we  fhould 
a priori  expedl,  and  againfl;  which  it  is  extreme- 
ly difficult  to  guard.  In  performing  the  experi- 
ment, which  is  the  only  one  perhaps  calculated  j 
to  decide  this  queftion,  that  defigned  to  afcertain  l 
whether  caloric  defcends  thro’  fluids,  — indepen-  | 
dent  of  other  fources  of  error,  it  is  fcarcely  prac-  i 
ticable  to  prevent  the  caloric  from  being  con-  | 
dudled  by  the  lides  of  the  veflTel.  If  a quantity  r 
of  any  fluid  be  put  into  a cylindrical  glafs  veflTel ; j 
and  if  a thermometer;  bent  fo  that  its  ball  ffiall  be  I 
higher  than  that  part  of  its  ftem  to  which  the  fcale  I 
is  attached,  be  placed  at  fome  depth  in  it ; and  if  [ 
a hot  fluid  of  a fpecific  gravity  inferior  to  th  at  of 
the  other,  be  poured  over  its  furface,  it  is  evident  : 
that  this  fluid,  coming  immediately  into  contact  i 
with  the  fides  of  the  velTel,  will  give  to  them  |i 
part  of  its  caloric.  This  will  be  conveyed  down-  f 
wards,  and  be  immediately  again  given  out  to  H 
the  colder  fluid  in  contadl  with  the  internal  fur-  | 
face  of  the  glafs  ; this,  being  expanded,  of  courfe  ^ 
tends  to  rife,  and  muft  extend  itfelf,  fo  as  to  form  || 
a ftratum,  which  is  continually  augmenting.  The  l| 
- ' • . thermometer  I 
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thermometer  is  thus  heated,  fooner  or  later,  ac- 
cording to  the  diftance  between  it  and  the  hot 
fluid.  If  inftead  of  a hot  fluid,  a folid,  as  a ball 
of  iron  heated,  be  fufpended  in  the  cold  fluid, 
ftill  as  it  mufl;  give  out  caloric  to  the  portion  of 
fluid  in  which  it  is  immerfcd,  the  fides  of  the  vef- 
fel  will  be  heated,  though  more  flowly,  and  of 
courfe  the  fame  fource  of  error  will  be  introduc- 
ed. If,  to  obviate  this,  the  veflTel  in  which  the 
thermometer  is  put,  be  placed  in  another  filled 
with  a cold  fluid,  though  the  quantity  of  caloric 
conveyed  by  the  fides  of  the  internal  velTel  will 
thus  be  leflTened,  it  cannot  be  entirely  prevented, 
fince  it  mull  ftill  give  out  as  much  caloric  from 
ts  internal  as  from  its  external  furface. 

Every  precaution  that  is  taken  to  obviate 
this  fource  of  error,  fuch  as  employing  a folid  bo- 
dy as  the  medium  for  conveying  caloric,  ufing  a 
very  wide  velTel  to  contain  the  fluid  in  which  the 
thermometer  is  placed,  or  placing  the  thermome- 
ter at  a diftance  from  the  heated  body,  tends  e- 
qually  to  leflen  the  effecl  which  would  refult  from 
the  condu(fting  power  of  the  fluid,  fuppofing  it  to 
poflefs  fuch  a power ; and  hence  the  difficulty  of 
condudling  the  experiment  fo  as  to  obtain  a cer- 
tain refult.  On  performing  it  with  every  precau- 
tion, 
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tion,  I have  found  the  rife  of  temperature  indi- 
cated by  the  thermometerfo  minute,  that  it  could 
fcarcely  be  affirmed  \^ith  certainty,  whether  it 
was  produced  by  the  conducing  power  of  the 
fluid,  or  by  the  communication  of  caloric  from  the 
fldes  of  the  veflel.  U/  hen  the  thermometer  was 
placed  in  the  centre  of  a glafs  veflel  eight  inches 
in  diameter,  and  water  poured  in  till  it  covered 
the  bulb  two  inches,  on  fufpending  over  it,  and  at 
the  diftance  from  it  only  of  inch,  a plate  of 
brafs,  three  inches  in  diameter,  and  ^ inch  thick, 
heated  to  212”,  no  rife  was  perceived  for  ten  mi- 
nutes; in  20  minutes  it  had  rifen  about  one  de- 
gree, and  in  30,  1 1 d-gree,  at  which  it  became 
fl;ationary,  and  continued  at  this  point  for  fifteen 
minutes  before  it  began  to  fall.  In  another  ex- 
periment, the  thermometer  was  placed  in  a jar, 
only  three  inches  in  diameter,  and  its  bulb  cover- 
ed with  water  to  the  depth  of  one  inch.  This 
v/as  placed  within  another  veflel,  into  which  wa- 
ter was  poured,  to  the  fame  height  as  in  the  inner 
one,  and  a thermometer  was  fufpended  in  it,  to 
the  fame  depth  in  the  fl  id.  A ball  of  iion 
inch  in  diameter,  was  fufpended  OAcr  the  bulb 
of  the  thermometer,  in  the  inner  veflel,  at  a dif- 
tance of  i.6th  of  an  inch.  The  mercury  foon  be*- 

gan  to  rife  flowly  J and  in  twenty  minutes  it  had 
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rifen  6 degrees,  when  it  became  ftationary.  That 
the  caloric,  however,  which  occafioned  this  rife 
of  temperature,  was  conveyed  principally  or  fole- 
ly  by  the  fides  of  the  velfel,  was  proved  by  the  o- 
ther  thermometer  riling  nearly  at  the  fame  time, 
and  riling  to  the  fame  extent.  From  thefe  expe- 
riments, it  does  not  appear  that  the  conclulion 
can  fairly  be  drawn,  that  fluids  are  capable  of 
conducting  caloric  : they  are  rather  more  favour- 
able to  the  oppofite  opinion. 

It  had  been  known,  that  bodies  exifting  in  the 
aerial  form  arc  very  imperfedl  condudlors  of  ca- 
loric. Count  Rumford  holds  the  fame  opinion 
with  refpedl  to  them  as  wdth  refpect  to  liquids  : 
they  may  receive  caloric  from  other  bodies,  ei- 
ther folid  or  fluid ; but  he  fuppofes  they  are  in- 
capable of  communicating  it  from  one  particle 
to  another,  and  therefore  that  the  change  of 
temperature  in  any  mafs  of  matter  exifting  in 
the  form  of  vapour,  or  gas,  arifes  folely,  as  in 
fluids,  from  the  motion  of  its  parts,  produced  by 
the  alteration  in  the  fpecific  gravity  which  the 
communication  of  caloric  occafions.  The  experi- 
ments in  fupport  of  this  opinion  are  the  fame  in  prin- 
ciple as  thofe  by  which  the  non-conduding  power 
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of  liquids  is  eftabliflied ; and  the  fame  conclufion 
is  probably  to  be  drawn  from  them. 

To  this  impermeability  of  aeriform  fubflances 
to  caloric,  the  property  which  fpongy  bodies  have, 
of  fuffering  changes  of  temperature  very  flow- 
ly,  is  owing.  All  light  porous  fubflances,  as  furs, 
feathers,  wool,  and  down,  contain  a large  quan- 
tity of  air  in  their  interflices.  As  it  cannot  con- 
dud:  caloric,  and  as  the  motions  of  its  particles 
by  which  it  might  tranfport  it  are  much  re- 
tarded, thefe  fubflances  are  very  imperfed  con- 
dudors ; they  therefore  furnifh  the  warmefl  clo- 
thing, as  they  confine  mofl  effedually  the  heat 
of  the  body,  and  prevent  it  from  being  abflrad- 
ed  by  the  furrounding  colder  atmofphere. 

Though  fluids,  elaflic  and  non-elaflic,  are  in- 
capable of  conduding  caloric,  or  condud  it  with 
extreme  flownefs,  they  are  flill,  by  their  power  of 
tranfporting  it,  adive  agents  in  heating  and  cool- 
ing bodies  ; and  it  is  by  their  means  that  the  ge- 
neral diflribution  of  caloric  is  regulated,  and  the 
temperature  of  the  globe  rendered  nlore  uni- 
form. The  atmofphere  and  the  ocean  chiefly 
ferve  the  important  purpofe  of  moderating  the 

extremes  of  temperature,  whether  of  heat  or  cold, 

in 
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in  every  climate.  Different  fluids  and  airs,  from 
differences  in  their  fpecific  gravities,  their  expan- 
fibililies,  and  their  confiftence,  will  tranfport  cal- 
oric with  different  degrees  of  celerity,  and  will 
confequently  differ  in  the  rapidity  with  which 
their  temperatures  are  changed,  or  with  which 
they  change  the  temperatures  of  other  bodies. 
Different  bodies  too,  exifting  in  the  fluid  or  aerial 
form,  although  all  perhaps  equally  incapable  of 
conducting  caloric  through  their  fubflance,  differ 
much  in  the  rapidity  with  which  they  receive  it 
from  any  other  body,  or  with  which  they  give  it 
out,  which  gives  rife  to  differences  in  their  appa- 
rent conducting  power.  Mercury,  for  example, 
receives  caloric  more  rapidly  than  water  does, 
and  of  courfe  parts  with  it  more  quickly  : hence,., 
at  a low  temperature,  it  excites  a feeling  of  cold,^' 
and  at  a high  temperature  a fenfation  of  heat; 
much  ftronger  than  water  does.  Mercury  like- 
wife  receives  caloric  more  quickly  than  alkohol : 
hence  the  thermometer  with  the  one  fhews  the 
temperature  of  any  body  applied  to  it,  fooner 
than  that  with  the  other. 

From  the  combination  of  thefe  circumftances, 
of  the  confiftence  of  fluids  allowing  a free  motion 
of  their  particles,  of  the  greater  or  lefs  change 
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produccfl  in  their  fpecific  gravities  by  change  ot' 
terr'pe  rat  Lire,  and  of  the  various  degrees  of  celeri- 
ty with  which  they  ab'flrad:  caloric  from  other  bo- 
dies, or  give  it  out,  different  fluids  will  be  heat- 
ed or  cooled  with  different  degrees  of  celerity, 
though  they  may  all  be  non-condudors  of  cal- 
oric : and  on  thefe  differences  many  important 

natural  phenomena  depend. 

Befides  thefe  modes,  in  which  changes  of  tem- 
perature amongfl  bodies  are  propagated,  either 
by  caloric  being  communicated  from  particle  to 
partite,  or  by  its  being  tranfported  by  change  of 
place  in  the  matter  wbrnh  receives  it,  or  from 
which  it  is  abftraded,  there  is  ffill  another  mode, 

, that  by  Radiation,  or  projedion  from  the  fur- 
"^  faces  of  bodies,  in  right  lines,  with  extreme  velo- 
city. 

This  property  of  caloric  had  been  noticed  by 
Mariotte,  Lambert,  and  Scheele,  but  has  been 
more  clearly  eftablifhed  by  the  experiments  of 
SaulTure  and  Pidet.  They  placed  two  concave 
tin  mirrors  oppofite  to  each  other,  at  the  diftance 
of  twelve  feet.  When  a hot  body,  a ball  of  iron, 
for  example,  was  placed  in  the  focus  of  the  one, 
and  a mercurial  thermometer  in  that  of  the  otb^x:  ; ' 
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the  mercury  immediately  began  to  rife,  and  con- 
tinued to  afcend  for  feveral  minutes.  An  iron 
ball,  2 inches  in  diameter,  heated  fo  far  that  it 
was  not  luminous  in  the  dark,  raifed  the  mercury 
not  lefs  than  ro-s-  degrees  of  Reaumur’s  fcale* 
in  6 minutes ; a lighted  candle  occafioned  a 
rife  in  the  thermometer  nearly  the  fame  ; a glafs 
matrafs,  containing  2 ounces  3 drams  of  boil- 
ing water,  raifed  Fahrenheit’s  thermometer  3 
degrees.  The  increafe  of  temperature  was  ftill 

greater  when  the  ball  of  the  thermometer  was 

\ 

blackened. 

Thefe  expeiiments  prove,  that  from  bodies  at 
a high  temperature  a matter  is  thrown  in  right 
lines,  capable  of  refledicn  and  concentration, 
which  raifes  the  temperature  of  any  body  on 
which  it  falls. 

This  matter,  it  has  been  farther  proved,  palfe.s 
with  the  greateft  velocity,  equal  to  that  of  light ; 
it  is  retarded  in  its  palTage  by  the  atmofpheric 
air,  and  by  tranfparent  fluids,  as  water,  and  it  is 
fcarcely  capable  of  penetrating  glafs.  It  has  alfox 
been  fliewn  by  Dr.  Ilerfchel,  that  it  is  capable  o;f 
refraclion, 
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SauiTiirc  and  Pidet  drew  the  obvious  conclu^ 
liqns  from  thefe  experiments,  that  this  matter 
was  of  the  nature  of  caloric,  and  that  it  was  mere- 
ly that  fubtle  fluid  in  a ftate  of  radiation.  The 
phenomena  have,  however,  been  attempted  to  be 
explained  in  a different  manner.  Dr  Hutton 
conceived  it  to  be  an  unphilofophical  aflumption, 
that  caloric  could  be  capable  of  radiation  ; he 
therefore  endeavoured  to  prove,  that  light  is  the 
agent  concerned  in  thefe  experiments. 

It  is  known  that  the  rays  of  light,  when  they 
fall  upon  opaque  bodies,  have  the  power  of  raff- 
ing their  temperature.  Dr  Hutton  aflumes,  as 
the  bafis  of  his  expianation,  that  the  power  which 
the  diiierent  fpecies  of  light  have  of  heating  bo- 
dies, is  not  proportioned  to  the  power  of  exciting 
vifion,  but  that  there  are  Tome  rays  more  power- 
ful in  exciting  tliis  fenfi^tion  than  in*  producing 
lieat.  “ The  compound  lighf,  for  example,  which 
“ is  white,  has  a greater  power  of  giving  vifion,  in 
“ proportion  to  its  power  of  exciting  heat;  where- 
“ as  in  the  red  .fpecies,  it  is  the  oppofite : for 

“ here  the  power  of  exciting  hear  is  great  in 

$ > 

“ proportion  to  its  power  of  giving  vifion.”  t 

Dr. 
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Dr.  Hutton,  aflliming  this  principle,  further 
fuppofes,  that  a fpscies  of  light  may  be  radiated 
from  bodies,  capable  of  raifing  the  temperature  of 
any  fubllance  on  which  it  tails,  b'ut  not  difcover- 
able  by  illumination.  And  what  has  been  term- 
ed Radiant  caloric,  he  fuppofes  to  be  merely 
light  of  this  kind. 


This  opinion  is  founded  on  the  limilarity  in 
the  motion  of  light,  and  of  this  radiant  caloric. 

It  is  fuppofed  to  be  improbable,  that  the  fame 
matter  fliould  be  capable  of  two  kinds  of  motion ; 
that  caloric  fliould  be  flowly  propagated  by  c- 

^ I 

manation  from  one  body  to  another  ; and  that  a-  ^ 
nother  portion  of  it  fliould,  at  the  fame  time,  be 
thrown  off  in  a rapid  projective  motion.  And  as 
this  radiant  caloric  obferves  in  its  motion  all  the 
laws  peculiar  to  light;  fince,  like  it,  it  is  found 
capable  of  reflection,  and  even  of  refradlion,  we 
may  fuppofe  with  juftice.  their  identity,  if  from 
this  fuppofition  the  phenomena  in  queflion  can 
be  fatisfaflorily  explained. 

The  aflTumption  from  which  this  opinion  ori- 
ginated, that  caloric  cannot,  without  abfurdity, 
be  fuppofed  capable  of  radiation,  is  entirely  gra- 
tuitous. There  is  no  neceflary  connedtion  be^ 

tween 
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tween  the  propofition  that  liglifradiates  and  the  ’■ 
conclufion,  that  caloric  muft  be  incapable  of  ra- 
diating. It  is  indeed  fufficiently  evident,  that  ^ 
although  light  alone  has  been  hitherto  obferved 
to  radiate  from  bodies,  it  does  not  follow  that  I 
no  other  fubtle  matter  may  not  move  in  the  I 
fame  manner.  The  prefent  quellion  cannot 
therefore  be  decided  by  fuch  reafoning,  but  only 
by  afcertaining  the  properties  of  this  radiating 
matter  ; and  thus  determining  whether,  upon  the 
whole,  thefc  properties  are  more  analogous  to 
thofe  of  caloric  or  thofe  of  light. 

• 

It  will  be  obferved,  that  the  refemblances 
which  have  been  noticed  between  this  matter 
and  light,  relate  merely  to  the  mode  in  which  it 
is  moved,  in  other  words,  to  their  mechanical  pro- 
perties, their  being  alike  capable  of  radiation,  re- 
flection, and  condenfation.  But  thefe  points  of 
refemblance,  are  infuflicient  to  identify  them,  un- 
lefs  it  were  firfl;  proved,  that  light  alone  is  capa- 
ble of  radiation. 

A circumllance  which  has  been  fuppofed  to 
eftablifli  their  identity  is,  that  the  augmenta- 
tion of  temperature,  from  the  radiant  caloric,  is 
much  greater,  when  the  bulb  of  the  thermome- 
ter 
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ter  on  which  it  is  thrown  is  blackened,  than  when 
it  is  not.  This  circumftance  appears  to  connect  it 
clofely  with  light,  fince  the  heat  which  light  ex- 
cites is  always  greater  in  bodies  of  a dark  colour, 
than  in' thofe  which  are  of  a lighter  fliade ; and  ac- 
cordingly Dr.  Hutton  'ftiles  this  the  experimentum 
rrucis,  in  fupport  of  his  opinion.  But  what  is  the 
caufe  of  this  peculiarity  in  the  heating  'power  of 
light } It  is,  that  its  particles  undergoing  nume- 
rous reflections  and  refraClions,  in  the  pores  of 
dark  coloured  bodies,  it  is  retained  more  com- 
pletely,  whilft  when  it  ftrikes  upon  thofe  of  a 
lighter  colour,  it  is  in  a great  meafure  reflected 
from  their  furface.  But  if  it  is  aflumed,  that  ca- 
loric is  fubjeCt  to  the  fame  laws  of  motion  as  light, 
and  is  capable^  like  it,  of  reflection  and  refraCtion, 
the  fame  effeCt  ought  to  follow,  when  it  is  thrown 
by  radiation  upon  a black  body;  and  the  circum- 
Itance  that  this  actually  happens,  does  not  tend 
more  to  identify  radiant  caloric  with  light,  than 
the  more  general  faCl,  which  neceflarily  muft  be 
aflumed,  that  they  move  according  to  the  fame 
laws.  This  peculiar  circumftance,  therefore, 
furnilhes  no  additional  argument  for  their  identi- 
ty, nor  does  it  extend  the  analogy- between  them. 


There 


. CALORIC. 

There  are  feveral  properties  in  which  radiant 
caloric  differs  widely  from  light,  fo  much  fo  as  to 
render  improbable  the  conclufion,  that  they  are 
the  fame. 

In  the  firft  place,  the  calorific  rays  are  incapa- 
ble of  exciting  vifion ; nor  is  this  owing  to  their  te- 
nuity, fince,  when  concentrated,  they  ftill  do  not 
produce  any  fenfible  illumination. 

Again,  light  paffes  with  facility  through  rare 
media,  through  tranfparent  fluids,  and  through 
glafs ; but  this  radiant  matter,  it  is  ftiewn  by  the 
experiments  of  Piclet,  is  retarded  in  its  paffage  e- 
ven  by  the  atmofphere,  it  does  not  pafs  through 
fluids,  and  is  fcarcely  capable  of  penetrating  glafs, 
while  it  heats  it  confiderably.  If  we  fuppofe  it 
analogous  in  its  nature  to  light,  thefe  differences 
are  not  accounted  for : if  it  is  fuppofed  to  be  ana- 
logous to  caloric,  they  are  at  once  explained,  fince 
the  caloric,  pafling  through  the'  air,  and  ftill  more 
through  glafs,  muft  in  part  be  retained. 

A ftill  more  important  difference  between 
light  and  caloric  feems  to  exift.  with  refpedl  to 
their  chemical  qualities.  Light  poffeffes  certain 
chemical  properties,  by  which  it  is  charaderifed 
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,as  a peculiar  kind  of  matter.  Sennebier  long  a- 
go  remarked,  that  the  different  rays  of  light  pof- ' 
:feffed  the  f me  chemical  properties  in  a very  dif- 
iferent  degree  ; that  the  violet,  for  example,  pro- 
-duced  a peculiar  chemical  effedl,  that  of  blacken- 
ling  the  muriat  of  filver  in  fifteen  feconds,  while 
;the  red  did  not  produce  the  fame  effedl  in  lefs 
ithan  twenty  minutes.  The  late  valuable  experi- 
i’ments  of  Dr.  Herfchel  have  fhewn  that  in  the  red 
iirays,  alongft  with  vifible  light,  there  is  intermix- 
led  a large  proportion  of  radiant  caloric,  while  the 
•violet  rays  contain  fcarcely  any  of  it,  but  are  near- 
ly pure  light.  By  thefe  fads,  therefore,  it  is  ren- 
idered  extremely  probable,  that  radiant  caloric 
I does  not  pofTefs  the  chemical  properties  by  which 
light  is  characterifed ; and  I have  accordingly  found 
by  experiment,  that  the  radiant  caloric  emitted 
by  bodies  at  a high  temperature  has  noeffedi,  like 
that  of  light,  in  darkening  the  colour  of  muriat 
of  filver.  But  if  a diflindion  is  to  be  eflablifhed 
between  two  bodies,  it  is  evident  that  it  muft  be 
drawn  chiefly  from  -the  comparifon  of  their  che- 
mical properties;  if  thefe  differ,  the  conclufion 
follows  that  they  are  different  kinds  of  matter. 

Laflly,  it  may  jufUy  be  queflioned,  whether 
light  poffeffes  any  power  of  heating  bodies'*  and  if 

it 


1 

CALORIC. 

it  do  not,  it  is  evident  that  the  hypothefis  advanc-* 
ed  by  Dr.  Hutton  cannot  be  applied  to  the  ex- 
planation of  the  phenomena  of  radiant  caloric. 
7'he  late  experiments  of  Dr.  Herfchel  appear  at 
firft  view  to  be  favourable  to  Dr.  Hutton’s  opi- 
nion, lince  they  eftablifh  the  truth  of  the  fuppofi- 
tion  on  which  it  reds,  that  the  different  vifible 
rays  have  different  heating  powers;  they  fhew 
that  the  red  rays  are  much  more  powerful  in  this 
refped  than  the  green,  and  the  green  dill  more 
than  the  blue,  or  the  violet.  But  by  further 
pointing  out  the  caufe  of. this  difference,  they  af- 
ford the  dronged  argument  which  can  be  uiged 
againd  it.  Thefe  experiments  prove,  that  in  fol- 
ar  light  a matter  exids,  which,  without  being  ca- 
pable of  exciting  vifion,  is  powerful  in  producing 
heat,-— a matter  which  is  capable  of  refiedlion,  re- 
fraflion,  and  condenfation,  and  is  indeed  nothing 
elfe  than  radiant  caloric.  When  a folar  beam  is 
decompofed  by  the  prifm,  thefe  calorific  rays  be- 
ing lefs  refrangible  than  any  of  the  vifible  rays, 
are  in  a great  meafure  feparated  from  them,  and 
being  alfo  of  different  degrees  of  refrangibility  are 
extended  over  a confiderable  fpace.  It  is  found, 
that  the  heating  power  difcoverable  in  the  prif- 
matic  fpedtrum  is  greated  In  that  point  where 
this  invifible  calorific  matter  is  accumulated,  and 

that 
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that  it  diminifhes  from  that  point  towards  the 
more  refrangible  vifible  rays,  till  in  the  violetj 
which  are  the  moft  refrangible,  and  which  are  of 
courfe  at  the  grCateft  diftance  from  the  invifible 
calorific  matter,  it  is  extremely  weak.  ■ It  is  evi^ 
dent,  that  firice  in  the  folar  light,  a matter  exifts 
different  from  vifible  light,  which  is  powerful  in 
exciting  temperature  ; fince  this  cannot  be  per- 
fectly feparated  from  the  vifible  rays,  and  fince 
the  more  completely  it  is  feparated,  the  lefs  heat- 
ing power  do  thefe  poffefs,  the  fuppofition  that 
light,  apart  from  this  radiant  caloric,  has  any  pow- 
er of  railing  the  temperature  of  bodies,  is  not  only 
unfupported  by  any  proof,  but  the  oppofite  con- 
clufions  follow  as  extremely  probable,  that  pure 
light  is  deftitute  of  any  fuch  power,  and  that  it  is 
on  the  prefence  of  this  invifible  calorific  matter 
that  the  heating  quality  of  the  folar  rays  depends. 
But  if  thefe  conclufions  be  admitted,  it  is  evident 
that  the  hypothefis  of  Dr.  Hutton  muft  be  relin- 
quifhed,  fince  the  phenomena  of  radiant  caloric 
can  never  be  explained  on-  the  fuppofition  that  it 
is  a fpecies  of  light,  if  light  itfelf  has  no  power  of 
augmenting  temperature. 

From  the  confideration  of  thefe  facts  it  may 
fee  concluded,  that  the  peculiar  invifible  calorific 
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matter  which  has  been  found  to  be  emitted  in 
right  lines  from  heated  bodies,  and  which  is  alfo 
prefent  in  the  folar  rays,  is  rather  caloric  than 
light,  fince  its  properties  are  more  analogous  to 
thofe  of  the  former  than  thofe  of  the  latter. 

Or,  perhaps,  what  is  termed  Radiant  caloric  may  j 
be  merely  caloric  combined  with  a quantity  of  light,  ^ 
to  which  it  may  owe  its  capability  of  radiation,  re-  || 
lledion  and  rcfraftion,  while  it  Hill  retains  its  heat-  ji 
ing  power;  nor  is  it  improbable,  that  even  the 
different  vifible  rays  may  be  compofed  of  pure  | 
light,  to  which  different  quantities  of  caloric  ad- 
here, and  that  from  this  may  be  derived  the  dif-  J 
ference  which  exifts  in  their  power  of  rahing  the  I 
temperatures  of  bodies.  The  violet  ray  will  thus  I 
be  light  in  its  pureft  form,  while  the  red  ray  will  | 
have  the  largefl  proportion  of  caloric,  and 
therefore  approach  moft  nearly  in  • its  properties  Ij 
to  radiant  caloric.  fi 

Pidet  difeovered  another  very  fingular  fa6i:| 
refpecling  the  tranfmifiion  of  caloric,— the  appa-0 
rent  radiation  and  reflexion  of  coid.  W^hen,| 
inftead  of  a hot  body,  a matrafs  full  of  ice  or  fnow)i 
is  placed  in  the  focus  of  one  of  the  mirrors,  thc:^ 
thermometer  in  the  focus  of  the  other  immedi-i| 
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ately  falls,  and  afcends  again  v/henever  the  cold 
body  is  removed. 

This  phenomenon  may  be  explained  on  the 
fuppofition,  that  from  every  body  at  every  tem- 
perature caloric  radiates,  but  in  lefs  quantity  as 
the  temperature  is  low ; fo  that,  in  the  above  ex- 
periment, the  thermometer  gives  out  more  calor- 
ic by  radiation,  than  it  receives  from  the  body  in 
the  oppofite  focus,  and  therefore  its  temperature 
falls : Or,  as  Mr  Pidet  has  fuppofed,  when  a num-  > 
her  of  bodies  near  to  each  other  have  the  fame  • 
temperature,  there  is  no  radiation  of  caloric,  be- 
caufe  in  all  of  them  it  exills  in  a date  of  equal 
tenfion  ; but  as  foon  as  a body  at  an  inferior  tem- 
perature is  introduced,  the  balance  of  tenfion  is 
broken,  and  caloric  begins  to  radiate  from  all  of 
them  till  the  temperature  of  that  body  is  raifed  to 
an  equality  with  theirs.  In  the  above  experiment, 
therefore,  the  placing  the  fnow  or  ice  in  the  focus 
of  the  one  mirror  caufes  the  radiation  of  caloric 
from  the  thermometer,  and  hence  the  diminution 
of  temperature  which  it  fuffers. 
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OF  THE  COMPARATIVE  QUANTITIES  OF  CALORIC  WHICH 

bodies  contain. 

In  homogeneous  bodies,  the  quantities  of  cal-  I 
oric  which  they  contain  are  proportioned  to  their  I 
temperatures  and  quantities  of  matter.  If  one 
pound  of  any  fubftance  at  a certain  temperature 
contain  a certain  quantity  of  caloric,  two  pounds 
of  it  will  contain  double  the  quantity,  or  one 
pound,  at  the  temperature  of  ioo°,  will  contain 
double  the  quantity  which  one  pound  at  the  tem- 
perature of  50®  does : hence  when  equal  quantities 
of  a homogeneous  body  at  different  temperatures 
are  mixed  together,  the  temperature  which  re- 
fults  is  the  arithmetical  mean  between  their  re- 
fpcdfive  temperatures  previous  to  mixture.  That 
this  fhould  be  the  cafe  is  nearly  evident  a priori ; 
for  the  particles  of  different  portions  of  the  fame 
matter  being  alike,  their  powers  muft  be  equal. 
There  is  no  caufe  why  one  portion  fhould  have  a 
a relation  to  caloric  different  from  the  other,  or  re- 
quire a different  quantity  to  raife  its  temperature. 

It  might  be  fuppofed  that  the  fame  law  would 
be  obferved  in  the  diftribution  of  caloric  in  hete- 
rogeneous bodies,  that  the  quantities  of  it  which 
they  contain  would  be  proportioned  to  their  tem- 
peratures 


CALORIC.  125 

peratures  and  quantities  of  matter,  — in  other 
words,  that  any  number  of  bodies  at  the  fame 
temperature  would,  in  equal  weights,  contain  e- 
qual  quantities  of  caloric. 

On  making  the  experiment,  however,  this  is 
not  found  to  be  the  cafe.  If  a number  of  bodies 
of  different  kinds,  alkohol,  oil,  mercury,  water, 
and  others,  in  equal  quantities,  and  at  the  fame 
temperature,  be  expofed  to  a common  fource  of 
caloric,  they  will  all  receive  it,  and  in  a certain 
time  arrive  at  a common  temperature.  But  it 
will  be  found,  that  in  arriving  at  this  tempera- 
ture they  have  abforbed  very  different  quantities 
of  caloric ; the  water  will  have  taken  in  more 
than  the  alkohol,  and  this  more  than  the  others. 
It  is  evident,  therefore,  that  altho’  we  fuppofe 
that  at  the  beginning  of  the  experiment  they 
contained  equal  quantities^' of  caloric,  they  muff 
at  the  temperature  to  which  they  are  raifed  con- 
tain unequal  quantities.  But  the  fame  caufe  that 
difpofes  one  to  abforb  more  caloric  than  another 
continues  always  to  operate  ; and  it  is  according- 
ly found,  that  at  every  point  in  the  fcale  of  heat 
different  bodies  contain  very  different  quantities 
of  caloric,  in  the  fame  weights  and  at  the  fame 
tempcratqres. 


Boerhaave 
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Boerhaave  firft  inferred,  from  an  experiment  in 
which  equal  quantities  of  mercury  and  water  at 
different  temperatures  were  mixed,  that  thefe 
two  fluids  in  equal  weights  contained  unequal 
quantities  of  caloric.  Dr.  Black  further  fliew'- 
ed,  that  the  quantities  they  contained  w'ere  not  I 
proportioned  to  their  volumes,  as  Boerhave  had 
fuppofed ; and  by  inveftigating  this  fubjedl.  he 
drew  the  general  conclufion,  which  numerous  ex- 
periments by  other  chemifls  have  eftabliflied,  that 
the  quantities  of  caloric  contained  in  heterogene- 
ous bodies  at  the  fame  temperature,  are  propor- 
tioned neither  to  their  weights  nor  volumes, 
but  are  in  ratios  which  cannot  be  referred  to 
any  of  the  obvious  qualities  of  bodies,  and  can 
therefore  be  afcertained  only  by  adual  experi- 
ments. 


The  general  experiment  by  which  the  quan- 
tities of  caloric  which  bodies  contain  are  afcer- 
tained, is  that  of  mixing  together  equal  weights 
of  two  different  bodies  at  different  temperatures, 
and  obferving  the  temperature  produced, 

• 

I 

In  homogeneous  bodies,  as  has  already  been 
obferved,  the  temperature  produced  by  mixing  c- 
qual  quantities  of  them  at  different  temperatures, 


is  ahvavs  the  arithmeucal  mean  between  the  tem- 
peruture  of  each;  the  excefs  of  caloric  which  the 
one  contains  above  the  other  being  equally  di- 
vided between  them,  and  producing  the  fame 
rife  of  temperature  in  the  one  portion,  as  it 
does  of  reduction  of  temperature  in  the  other. 
But  when  the  fame  experiment  is  made  with 
two  heterogeneous  bodies,  the  refult  is  entirely 
different ; the  temperature  produced  never  be- 
ing the  mean  of  the  two  original  tempera- 
tures. Thus,  if  one  pound  of  water,  at  the  tem- 
perature of  156,  be  mixed  with  one  pound  of 
mercury  at  the  temperature  of  40,  the  tempera- 
ture which  refults  is  not  the  arithmetical  mean, 
98,  but  is  not  lefs  than  152.  This  proves  that 
the  change  of  temperature  produced  in  the  one 
by  a certain  quantity  of  caloric,  is  entirely  differ- 
ent from  that  produced  in  the  other  by  the  fame 
quantity  ; for  the  water  in  this  experiment  hav- 
ing had  its  temperature  reduced  from  156  to  152, 
has  loft  only  4 degrees ; but  thefe  hav?  raifed 
the  temperature  of  the  mercury  not  lefs  than 
1 12  degrees.  The  quantity  of  caloric,  therefore, 
neceffary  to  raife  the  temperature  of  one  pound 
of  water  4 degrees,  is  fufficient  to  raife  that  of  an 
equal  weight  of  mercury  112  degrees;  or  the 
ouantity  requifite  to  raife  the  temperature  of  one 
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of  thefe  fluids  one  degi*ee,  raifes  the  other  it. 
This  will  be  the  cafe  at  every  temperature  ; and 
therefore  at  any  point  in  the  fcale  of  heat,  the 
quantity  of  caloric  contained  in  water  is  to  that 
contained  in  the  fame  w^eight  of  mercury  as 
li  to  I, 

If  the  experiment  is  varied  by  mixing  water  at 
a low,  and  mercury  at  a high  temperature,  the 
refult  is  the  fame.  If  one  pound  of  mercury,  at 
156,  be  mixed  with  one  pound  of  water  at  40, 
the  temperature  produced  is  44.  The  mercury 
has  been  deprived  of  a quantity  of  caloric,  which 
has  reduced  its  temperature  112  degrees,  and  this 
quantity  has  raifed  that  of  the  water  4.  In  this 
manner,  when  equal  weights  of  t\Vo  different 
bodies  are  mixed'  together,  the  temperature  pro- 
duced is  always  nearer  to  the  temperature  of  that 
body  which  contains  the  greatefl;  quantity  of  ca- 
loric, becaufe  it  requires  the  greatefl  quantity  to 
produce  in  its  temperature  any  change.  The] 
proportion  is  alfo  indicated  by  the  experiment;! 
the  alterations  of  temperature,  and  the  com- 
parative quantities  of  caloric  contained  in  different 
bodies,  being  reciprocally  proportioned  to  each  o- 1 
thei% 
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When,  inftead  of  comparing  the  quantities  of 
caloric  which  equal  weights  of  different  bodies 
contain,  we  compare  the  quantities  contained  in 
equal  volumes,  we  ftill  find  that  a fimilar- differ- 
ence exifls.  Thus  it  is  found  by  experiment,  that 
the  quantity  of  caloric  neceffary  to  raife  the  tem- 
perature of  a given  volume  of  water  any  number 
of  degrees,  is  to  that  necpffary  to  raife  an  equal 
volume  of  mercury  the  fame  number  of  degrees, 
as  2 to  I.  This  is,  therefore,  the  proportion  be- 
tween the  comparative  quantities  of  caloric  which 
thefe  two  bodies  contain,  eflimated  by  their  vo- 
lumes ; and  fimilar  differences  exift  with  refpedt 
to  every  other  kind  of  matter.  The  comparative 
quantities  of  caloric  in  bodies  are  ufually  eflimat- 
ed from  equal  w^eights  of  them ; the  experiments 
for  this  purpofe  being  in  general  more  eafily  exe- 
cuted, than  thefe  by  which  they  are  eflimated 
from  equal  volumes. 


The  property  by  which  different  bodies  con- 
tain their  refpedlive  quantities  of  caloric,  has  been 
termed  the  Capacity  for  heat,  or,  to  adapt  the 
expreffion  to  the  language  of  the  eflablifhed 
nomenclature,  the  Capacity  of  a body  for  con- 
taining caloric.  This  term  is  not  defigned  to 
point  out  any  particular  caufe,  mechanical  or 
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chemical ; neither  does  it  exprefs  any  vague  ob- 
fcure  idea,  as  has  been  alledged.  It  is  merely 
a general  expreffion  to  denote  the  property  which 
bodies  have  of  containing,  at  the  fame  tempera- 
ture, and  in  equal  quantities,  either  of  weight  or 
volume,  certain  quantities  of  caloric.  That  they 
do  fo,  is  unqueftionable  ; there  muft,  therefore,  be 
fuch  a property,  and  it  is  this  which  is  termed  the 
capacity  for  containing  caloric. 

It  has  not  been  difcovered  on  what  circum- 
ftances  the  difference  in  the  capacities  of  different 
bodies  for  caloric  depends.  It  is  not  invariably 
conneded  with  any  of  their  obvious  qualities;  for. 
although  in  general,  rare  bodies  have  greater  ca- 
pacities than  thofc  which  are  more  denfe,  the 
exceptions  to  this*  are  extremely  numerous.  Ox- 
ygen gas,  for  example,  has  a fpecific  gravity 
fomewhat  fuperior  to  that  of  azotic  gas ; yet  its 
capacity,  inflead  of  being  lefs,  is  greater  in  the 
proportion  of  about  5 to  i ; and  water  has  a capa- 
city to  that  of  mercury  as  28  to  i,  while  the  dif- 
ference in  fpecific  gravity  is  only  as  i to  14.  The 
capacities  of  bodies,  therefore,  cannot  .be  eflimat- 
ed  by  their  denfuy,  but  mufl  be  determined  by 
adual  experiment. 
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From  the  nature  of  the  experiment  by  which 
the  quantities  of  caloric  which  bodies  contain 
are  afcertained,  it  is  evident,  that  we  d^fcover 
merely  the  comparative,  not  the  abfolute  quanti- 
ties. We  find  only  how  much  caloric  a body 
gives  cut,  or  abforbs,  during  a certain  change  of 
temperature ; and  by  obferving,  at  the  fame  time, 
the  change  of  temperature  which  the  body  from 
which  it  has  received  or  to  which  it  has  given 
caloric  fuffers,  we  may  afcertain  the  comparative 
quantities  neceflary  to  produce  equal  changes  of 
temperature  in  thefe  bodies.  But  we  do  not 
learn  the  proportion  which  the  quantity  in  each 
bears  to  the  whole  caloric  which  it  contains  ; and 
therefore  the  capacities  of  different  bodies  are  to 
be  confidered  as  merely  comparative.  Flence  it 
becomes  neceffary  to  fix  on  one  body,  as  a ftan- 
dard  to  which  the  others  may  be  referred.  Wa- 
ter has  been  chofen  as  this  ftandard  ; its  capacity 
is  ftated  at  the  arbitrary  term  of  1000,  and  with 
this  the  capacities  of  other  bodies  are  compared. 
Thus  the  capacity  of  arterial  blood  is  ftated  at 
1030,  indicating,  that  if  at  any  temperature  a cer- 
tain quantity  of  water  be  fuppofed  to  contain 
1000  degrees  of  caloric,  the  fame  quantity  of  ar- 
terial blood  at  the  fame  temperature  will  contain 
1030  degrees. 
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Water  has  likewife  been  feledled  as  the  fub- 
fiance  with  which  any  body  is  mixed,  when  the 
capacity  of  this  body  is  to  be  afcertained,  and  for 
this  purpofe  it  is  the  mofl  convenient,  from  its 
mixing  eafily  with  the  greater  rtumber  of  bodies, 
and  not  exerting  in  general  any  chemical  adlion 
on  them,  which  can  modify  their  attradlions. 
Where,  from  exerting  fucb  an  adion,  it  cannot  be 
employed,  mercury,  oil,  or  alkohol,  may  be  ufed. 

This  method  of  afcertaining  the  capacities  of 
bodies  for  caloric,  by  mixing  them  at  different 
temperatures,  is  liable  to  many  fources  of  error, 
againfl  which  it  is  difficult  entirely  to  guard.  Sub- 
fiances  having  different  fpecific  gravities  cannot 
be  immediately  intimately  mixed  together  fo  that 
every  part  of  the  mixture  fhall  attain  the  fame 
temperature  ; and  during  the  time  employed  in 
mixing  them,  a portion  of  caloric  is  abftraded  by 
the  veffel  and  the  furrounding  atmofphere.  Hence 
the  quantities  of  the  bodies  iifed  in  the  experi- 
ment, the  degree  of  agitation  by  which  they  are 
mixed,  the  celerity  with  which  different  bodies 
part  with  their  caloric,  their  fpecific  gravities, 
their  mifcibility  with  water,  even  the  fize  and 
fhape  of  the  veffel,  and  the  compofition  of  the 
matter  of  which  it  is  formed,  have  all  an  influ- 
ence. 
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cnce,  more  or  lefs  confiderable,  on  the  refult. 
Br.  Crawford,  in  his  excellent  treatife  on  this 
fubjedt,  has  given  a number  of  cautions  founded 
on  thefe  circumftances,  and  neceffary  to  be  at- 
tended to  ill  making  thefe  experiments but  ftill 
errors,  to  a certain  extent,  can  fcarcely  be  avoid- 
ed, and  evidently  give  rife  to  the  differences  in 
the  experiments  of  different  ch'emiffs. 

From  confidering  the  difficulties  attending  the 
method  of  afcertaining  the  capacities  of  bodies  by 
mixture,  and  alfo  that  it  is  not  poflible  to  apply 
it  to  thofe  bodies  which,  when  mixed,  exert  a 
chemical  adlion  on  each  other,  fince  fuch  an  ac- 
tion changes  entirely  the  exifting  capacities,  La- 
voifier  and  La  Place  propofed  another  method  of 
afcertaining  the  comparative  quantities  of  caloric 
in  different  bodies.  This  method  is  founded  on  the 
fact,  that  ice  in  melting  abforbs  a quantity  of  caloric, 
which  is  always  the  fame.  One  pound  of  ice,  for  ex- 
ample, by  whatever  means  it  may  be  melted,  abforbs 
a quantity  of  caloric  equal  to  what  would  raife  the 
temperature  of  one  pound  of  water  135  or  140 
degrees  of  Fahrenheit’s  fcale.  If,  therefore,  any 
fubftance  the  temperature  of  which  is  higher  than 
32°  of  Fahrenheit,  be  fuppofed  to  be  included  in 
a fphere  of  ice,  fo  that  the  caloric  which  it  will 
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give  out  fhall  be  communicated  entirely  to  the 
ice,  and  to  it  alone,  from  the  quantity  of  ice 
melted,  the  quantity  of  caloric  given’  out  by  a 
body  during  a certain  reduction  of  temperature 
will  be  difeovered,  and  of  courfe  its  capacity 
will  be  afeertained.  On  this  principle  is  con- 
ftrudted  the  Calorimeter,  the  inftrument  which  La- 
voifier  and  La  Place  propofed.  It  confifts  of  a 
tin  veflel  filled  with  ice,  and  which,  to  prevent 
the  communication  of  caloric  from  the  external 
atmofphere,  is  inclofed  in  another  veflel  likewife 
containing  ice.  The  fubftance  operated  on  is  pla- 
ced in  a fmall  cavity  in  the  middle  of  the  inner 
veflel  ; the  water  which  is  produced  from  the 
melting  of  the  ice  is  meafured  when  the  experi- 
ment is  completed. 

It  has  been  found,  however,  that  this  method 
of  difeovering  the  capacities  is  likewife  liable  to 
errors,  particularly  from  the  influence  of  the  tem- 
perature of  the  atmofphere,  from  part  of  the  wa- 
ter produced  being  retained  in  the  pores  of 
the  ice  by  capillary  attradion,  and  from  the 
temperature  not  being  uniform  through  the  whole 
apparatus, — fo  that  the  two  oppofite  procelfes  of 
freezing  and  thawing  fometimes  go  on  at  the  fame 
time.  It  is,  therefore,  very  doubtful  w'hether 
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the  refults  which  have  been  obtained  from  it,  are 
more  accurate  than  thofe  from  the  more  limple 
mode  of  niere  mixture. 

The  capacities  of  a great  number  of  bodies  for  ca- 
i loric  have  been  afcertained  by.the  experiments  of 
1 Irvine,  Crawford,  Lavoifier  and  La  Place,  Wilcke, 
iGadolin,  and  other  chemifts ; and  have  ferved  as 
:the  balls  of  many  important  applications  to  the  ex- 
planation of  chemical  phenomena.  From  changes 
;of  capacity  arife  both  the  evolution  and  abforp- 
•tion  of  caloric  which  accompany  chemical  ac- 

’tion,  a rife  of  temperature  being  produced  when 

! 

:the  capacities  of  the  fubllances  adling  on  each 
other  are  diminished,  and  a reduction  of  tempera- 
:ture  following  from  the  reverfe.  On  this  princi- 
ple are  explained  the  extrication  of  caloric  produ- 
ced by  combuftion,  refpiration,  and  other  chemi- 
cal procelTes,  and  the  abforption  of  it  which  takes 
•place  during  the  folution  of  falts  in  water,  or  the 
action  of  different  falts  upon  each  other. 
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OF  THE  QUANTITIES  OF  CALORIC  WHICH  DIFFERJENT 
FORMS  OF  THE  SAME  BODY  CONTAIN. 

Besides  the  general  law  which  has  been  de- 
monftrated,  that  different  bodies,  in  equal  weight  ■ 
and  at  equal  temperatures,  contain  unequal  quan- 
tities of  caloric,  it  has  further  been  eftablilhed, 
that  a limilar  law  exifts  with  refped  to  different 
forms  of  the  fame  kind  of  matter ; a body  in  the 
fluid  form  contains  more  caloric,  or  requires  a 
larger  quantity  to  produce  a given  change  of  tem- 
perature in  it,  than  it  does  while  folid  ; and  in 
the  flate  of  air  or  vapour,  it  contains  ftill  more  cal- 
oric than  it  does  in  the  fluid  form.  Hence,  when 
a folid  is  melted,  or  a fluid  is  converted  into  va- 
pour, a quantity  of  caloric  is  abforbed,  which  has 
no  effedl  in  producing  augmentation  of  tempera- 
ture. 

This  general  fa61  was  difcovercd  nearly  about 
the  fame  time  by  Profeffor  Wilcke  of  Stockholm, 
Dr.  Black,  and  Mr.  De  Luc.  It  is  one  of  the 
moll  important  in  chemiftry,  from  the  extenfive 
applications  of  which  it  admits. 


Its 
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Its  truth  is  fufficiently  evident,  when  the  phen- 
omena attending  liquefadlion  and  vaporifation 
are  attentively  examined.  When  caloric  is  com- 
municated to  a folid  body,  an  increafe  of  tempe- 
rature is,  produced,  and  the  temperature  conti- 
nues to  rife  while  the  caloric  continues  to  be  add- 
ed, till  the  body  arrives  at  its  melting  point : but 
whenever  it  begins  to  melt,  the  rife  of  tempera- 
ture ceafes,  though  the  addition  of  ealoric  be  con- 
tinued as  before ; and  the  fluid,  as  it  forms,  re- 
mains at  one  point  till  the  fufion  is  completed^ 
In  this  cafe  then  it  is  evident,  that  a quantity  of 
caloric  difappears ; for  it  continues  to  be  added 
to  the  bodyj  but  has  no  effedt  in  raifing  its  tem- 
perature. 

The  cafe  is  the  fairie  when  a fluid  is  converted 
■ into  vapour.  Its  temperature  is  firfl:  raifed  to  a 
certain  point  by  the  communication  of  caloric  td 
it ; it  then  begins  to  alTume  the  gafeous  form : 
but  though  the  communication  of  caloric  be  ftill 
-the  fame,  the  temperature,  neither  of  the  fluid, 
which  is  evaporating,  nor  of  the  vapour  formed, 
is  raifed,  but  remains  ftationary  at  that  point 
in  the  thermometrical  fcale  at  which  the  con- 
verfion  into  vapour  commenced,  till  the  whole 
be  evaporated.  It  is  evident,  therefore,  that 

T 


in  this  cafe  alfo  a quantity  of  caloric  is  abforb- 

ed  by  the  vapour  formed,  without  having  a-  i 

ny  effedl  in  railing  its  temperature.  The  fluid  I 

' or  vapour,  after  it  is  formed,  like  other  bodies,  I 

has  its  temperature  raifed  by  additions  of  caloric.  | 

1 

i 

It  was  from  confidering  thefe  known  fadls,  I 
that  Dr.  Black  concluded,  that  during  liquefac-  | 
tion  and  vaporifation  a quantity  of  caloric  is  loft,  I 
becomes  latent,  or  paflTes  into  the  body  w’ithout  I 
- raifmg  its  temperature — a conclufion  which  he  e-  I 
ftabliftied  by  the  moft  Ample  but  deciAve  experi-  | 
ments.  He  Aievved,  that  when  a piece  of  ice  is  I 
expofed  to  a warm  atmofphere,  its  temperature  I 
rifes  till  it  arrives  at  the  3id  degree  of  Fahren-  | 
heit ; but  the  rife  of  temperature  then  ftops  till 
the  whole  is  melted,  though  it  is  all  the  time  re- 
ceiving caloric  : and  he  found  by  calculation,  that 
one  pound  of  ice  in  melting  abforbs  not  Icfs  than 
140  degrees  of  caloric,  the  temperature  of  the  wa- 
ter into  which  it  is  converted  ftill  remaining  at 
32°.  This  refult  he  conArmed  by  adding  direct- 
ly to  I pound  of  ice  at  32"  i pound  of  water  at 
1^2®.  The  ice  was  melted,  but  the  temperature 
of  the  whole  fluid,  inftead  of  being  the  mean 
102°,  was  only  32°^  140  degrees  of  caloric  had 

therefore 
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therefore  in  this,  as  in  the  former  experiment,  dif- 
appeared. 

Experiments  fimilar  tothefe  were  made  by  Dr. 
Irvine  on  fpermaceti,  wax,  and  other  bodies ; and 
by  Landriani  on  feveral  of  the  metals : and  in  all 
thefe  fabftances  an  abforption  of  caloric  accom- 
panied their  fulion. 

In  the  converfion  of  bodies  from  the  fluid  into 
the  aeriform  ftate,  a fimilar  abforption  of  ct^loric 
takes  place,  though  the  temperature  of  the  va- 
pour flill  remains  the  fame  as  that  of  the  fluid 
from  which  it  is  formed.  To  demonflrate  this 
by  experiment.  Dr.  Black  heated  a quantity  of 
water,  in  a ftrong  phial,  clofely  corked,  till  its 
temperature  rofe  10  degrees  above  212°,  it's  ufual 
boiling  point.  On  drawing  the  cork  quickly,  a 
fmall  portion  of  water  ruflied  out  in  vapour,  and  the 
temperature  of  the  remaining  fluid  funk  inftantly 
to  212°.  Ten  degrees  of  caloric,  therefore,  had 
been  abforbed  by  the  quantity  of  vapour  that  cf- 
caped.  Mr  Watt,  by  heating  the  water  under  a 
flill  flronger  preffure,  that  of  an  iron  veflel,  raifed 
its  temperature  to  400° ; yet  flill  when  the  pref- 
fure was  removed,  only  part  of  the  water  was  con- 
verted into  vapour,  and  the  temperature  of  this 


vapour, 
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vapour,  as  well  as  that  of  the  remaining  fluid, 
was  no  more  than  212°.  There  were  therefore 
1 88  degrees  of  caloric  abforbed  in  its  formation, 
which  had  no  effe£l  in  producing  any  rife  of 
temperature. 

The  fame  general  fa6l  is  farther  proved  by  the 
great  degree  of  cold  produced  by  the  evaporation 
of  certain  volatile  fluids,  as  ether,  alkohol,  and 
even  water,  the  fluid,  in  evaporating,  abforb- 
ing  a quantity  of  caloric  from  the  furrounding 
bodies. 

AU  thefe  fads  fully  prove  the  truth  of  the 

i 

general  propplition,  that  when  bodies  pafs  from 
the  folid  to  the  fluid,  or  from  the  fluid  to  the 
gaseous  form,  a quantity  of  caloric  is  abforbed, 
which  has  no  effed  in  raifing  the  temperature  of 
the  fluid,  vapour,  or  gas,  which  is  formed. 

This  caloric  is  again  difen  gaged  and  ren- 
dered fenfible,  when  the  body  returns  to  its 
former  flate. 

If  a fluid  is  expofed  to  an  atmofphere  colder 
than  what  would  be  fufficient  to  freeze  it,  its- 
temperature  is  gradually  reduced,  till  it  arrives 

at 
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at  its  freezing  point.  But  whenever  it  reaches 
this,  its  temperature  becomes  fhationary,  and  con- 
tinues fo  till  it  is  completely  frozen,  though  the 
colder  atmofphere  is  ftill  abftrading  caloric  f'3Tn 
lit,  as  before.  Dr.  Black,  by  an  experiment  of 
■this  kind,  found,  that  a pound  of  water  in  freez- 
iing  gives  out  the  fame  quantity  of  caloric, 
;as  a pound  of  ice  had  abforbed  in  becoming 
diquid. 

There  is  another  experiment,  in  which  the 
.■extrication  of  caloric  from  this  caufe  is  rendered 
fenlible.  By  avoiding  agitation,  any  fluid,  wa- 
iter, for  example,  is  capable  of  being  cooled  a 
mumber  of  degrees  below  its  freezing  point.  If, 
'when  cooled  thus  far,  it  be  agitated,  it  immedi- 
ately becomes  folid,  and  from  the  evolution  of 
icaloric  which  accompanies  the  change  of  form, 
■its  temperature  inftantly  rifes  to  that  of  its  ufual 
{freezing  point. 

A fimilar  extrication  of  caloric,  attends  the  re- 
.du6lion  of  a vapour,  or  gas,  to  the  fluid  ftate. 
Thus  if  a certain  quantity  of  aqueous  vapour  be 
con  den  fed  by  receiving  it  in  water  at  a low 
temperature,  the  water  has  its  temperature  railed 

much 
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much  higher  than  it  would  by  the  addition  of  the 
fame  weight  of  water,  the  temperature  of  which 
was  as  high  as  that  of  the  vapour,  Mr.  Watt, 
by  condenfing  by  mechanical  force  a quanti- 
ty of  aqueous  vapour,  the  temperature  of  which 
was  no  more  than  212",  found,  that  as  much  calo- 
ric was  difengaged  “ as  would  be  fufficient  to 
raife  the  temperature  of  an  equal  weight  of  a 
“ body  having  the  fame  capacity  as  water,  and 
“ which  would  not  evaporate,  943  degrees  of  Fah- 
renheit’s  feale.^’  In  like  manner  whenever  a 
permanent  gas  is  by  any  means  deprived  of  its 
gafeoiis  fprm,  caloric  is  extricated. 

By  thefe  fadfs  the  general  truth  is  eflablilhcd, 
that  “ when  bodies,  in  confequence  of  expofure 
to  heat,  have  arrived  at  the  melting  or  boiling 
“ points,  they  abforb  a quantity  of  heat,  which 
“ does  not  increafe  their  temperature ; and  on 
“ the  contrary,  when  vapours  are  condenfed,  or 
“ non-elaftic  fluids  are  congealed,  they  part  with 
“ the  heat  which  they  had  formerly  abforbed.” 
This  portion  of  caloric  is  termed  Latent,  to  dif- 
tinguifli  it  from  that  which  contributes  to  pre- 
ferve  or  raiie  the  temperature  of  bodies,  which  is 
termed  Senfible  caloric.  Thefe  terms  are  fyno- 

nymous 
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nymoiis  with  the  Ititent  heat,  and.  fenfible  heat  ot 
Dr.  Black. 


On  this  abforption  of  caloric  attending  change 
of  form,  many  important  chemical  and  natural 
phenomena  depend  ; as  the  uniformity  and  fixity 
of  the  freezing  and  boiling  points,  the  flownefs 
with  which  large  colledions  of  water  are  frozen, 
or  large  maffes  of  ice  are  melted,  the  cold  produc- 
ed by  evaporation,  and  the  heat  by  condenfation 
of  vapour. 


Different  opinions  have  been  entertained  re- 
fpeding  the  caufe  of  this  phenomenon  which  ac- 
companies liqucfa6lion  and  vaporifation.  Dr. 
Black  confidered  the  abforption  of  caloric  as  the 
caufe  of  the  change  of  form,  and  as  necefiPary  to 
the  cordlitution  of  the  fluid  or  vapour.  De  Luc 
went  a ftep  further,  and  fuppofed  that  the  abforp- 
tion  of  caloric  is  a chemical  combination  of  it  with 
the  fubftance  melted  or  evaporated,  and  that  to 
this  combination  the  change  of  form  is  owing. 
Dr.  Irvine  propofed  a third  opinion,  very  different 
from  thefe  : he  confidered  the  abforption  of  cal- 
oric, not  as  the  caufe,  but  the  confequence  of 
change  of  form,  from  the  capacity  of  the  body;:bb^^ 
ing  enlarged.  ■ ' 

Of 
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Of  thefe  opinions,  that  advanced  by  Dr.  Black 
can  fcarcely  be  conlidered  as  oppofed  to  that 
which  afciibes  liquefadion  and  vaporifation  to  a 
cbt  mical  combination  of  caloric  ; fince,  if  the  ab- 
forption  and  latent  ftate  of  calorie  be  the  caufe 
oi  the  change  of  form,  it  is  probable  that  it  is  fo 
by  an  adion  of  this  kind.  It  is  this  dodrine,  thcn^ 
of  caloiic  entering  into  chemical  union  with  the 
body  fufed  or  evaporatedi  that  is  to  be  conlidered 
k as  oppofed  to  the  explanation  of  Dr.  Irvine.  The 
former  is  the  one  w'hich  is  generally  received,  but 
it  is  very  doubtful  whether  it  is  founded  in  truth. 
It  is  founded  only  on  fome  general  analogies, — 
principally  on  the  analogical  argument,  that  if 
caloric  be  matter,  it  mult  be  fubjed  to  the  laws  of 
chemical ; and  that  in  the  particular  cafes  of  li- 
quefadion  and  vaporifation,  the  phenomena  are 
fimilar  to  thofe  wdiich  take  place  in  the  combina- 
tion of  other  chemical  agents. 


The  firfl  of  thefe  arguments  is  of  no  force ; fof 
although  the  materiality  of  caloric  fhould  be  ad- 
mitted without  difpute,  yet  it  is  certain  that  its 
- properties  and  relations  to  other  bodies  are  alto- 
gether peculiar ; and  therefore  no  argument  can 
be  eftabliflied  on  its  analogy  to  them,  for  no  fuch 
analogy  cxids.  We  have  every  reafon  to  be- 
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lieve  that  it  is  not  fubjeft  to  the  attradllon  of  gra- 
yitation,  and  we  know  that  it  is  an  antagonift  to 
the  attradion  of  cohefion.  So  far,  therefore,  are 
the  properties  it  poffefles  from  leading  to  the  con- 
clulion  that  it  muft  be  endowed  with  all  the  ge- 
neral properties  and  affedions  of  matter,  that  they 
lead  to  the  oppolite  conclufion  : for  if  analogy  is 
to  have  any  weight,  fince  caloric  is  not  fubjed  to 
the  attradions  of  gravitation  and  cohefion,  the 
prefumption  follows,  that  it  will  be  alfo  exempt 
from  the  influence  of  chemical  attradion. 

The  other  argument,  that  derived  from  the 
analogy  between  the  abforption  of  caloric  in  the 
cafes  of  liquefadion  and  vaporifation,  and  chemi- 
cal combination  in  general,  feems  more  conclu- 
five,  and  it  is  the  obfervation  of  this  analogy  that 
has  given  rife  to  the  opinion.  When  one  chemi- 
cal agent  is  merely  mixed  with  another,  the  pro-^ 
perties  of  neither  are  altered;  but  when  chemically 
combined,  they  are  more  or  lefs  changed ; and 
this  combination  always  takes  place  in  certain  de- 
terminate proportions.  Caloric  ads  upon  matter 
in  a manner  fimilar  to  this:  it  may, be  diffufed' 
through  bodies  to  a certain  extent  without  having 
its  properties  altered;  but  in  liquefadion  and  va- 
porifation it  is  united  to  tlie  body,  fo  that  its  pro- 
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perties  are  entirely  loft.  Ought  not  this,  in  con- 
formity to  general  analogy,  to  he  afcribed  to  its 
having  formed  a chemical  union  ; cfpecially  fince 
it  is  abforbed  by  different  bodies  in  different  quan- 
tities, but  always  in  certain  determinate  propor- 
tions— circumftances  which  extend  the  analogy 
betw^een  this  abforption  and  chemical  combina- 
tion ? 


But  though  it  feems  fo  far  complete,  when 
more  minutely  examined  it  will  be  found  ex- 
tremely deficient.  We  know  of  no  cafe  of  che- 
mical combination  in  which  the  properties  of  one 
of  the  bodies  combining  are  entirely  loft,  while 
thofe  of  the  other  are  not  altered  ; but  in  lique- 
fadlion  and  vaporifation  this  muff;  be  fuppofed  to 
be  the  cafe,  fince,  though  the  properties  of  the  ca- 
loric abforbed  can  no  longer  be  recognifed,  thofe 
of  the  fubftance  fufed  or  evaporated  remain  the 
fame.  livery  folid  too  may  be  rendered  fluid, 
and  every  fluid  converted  into  vapour ; and  con- 
fequently  it  muft  be  fuppofed,  that  caloric  is  ca- 
pable of  combining  chemically  with  every  other 
body,— a property  poflelfed  by  no  other  chemical 
agent.  And,  laftly,  the  contad  of  any  body  at 
a low  temperature  is  fufficient  to  reduce  a vapour 
to  fluidity,  or  a fluid  to  the  folid  ftate  ; and  in  fuch 
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cafes,  the  caloric  abHraded  does  not  enter  into 
combination  with  the  body  to  which  it  is  commu- 
nicated, but  is  merely  dlffufed  through  it  fo  as  to 
raife  its  temperature.  But  that  union  cannot  be 
termed  chemical  which  is  not  eledlive,  and  which 
can  be  fo  eafily  broken,  one  of  the  principles  being 
abftraded  without  the  interference  of  a ftronger 
affinity. 

The  opinion  of  Dr.  Irvine  is  better  fupported. 
Its  pnnciple,  that  a change  of  capacity  takes 
place,  is  eftabliffied  by  experiment,  and  it  ac- . 
counts  fatisfadorily  for  the  phenomena. 

That  the  abforption  and  latent  Hate  of  caloric 
which  take  place  in  liquefadlion  and  vaporifation, 
are  fully  accounted  for  by  the  fuppofition  that  the 
capacity  is  increafed,  cannot  be  doubted.  If  any 
body  have  a certain  capacity,  and  if  by  any  means 
the  capacity  be  increafed,  nothing  can  be  more 
evident  than  that  a proportional  abforption  of  ca- 
loric muft  take  place,  which  will  not  caufe  the  leaft 
increafe  of  temperature.  If  therefore  in  fufion  and 
vaporifation  an  increafe  of  capacity  does  take  place, 
the  phenomena  which  ought  to  be  produced  are 
precifely  thofc  that  are  adually  obferved. 
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That  there  lliould  be  fuch  a change  is  a priori 
extremely  probable;  for  fince,  as  there  is  reafon  to 
believe,  the  capacities  of  bodies  depend  on  cer- 
tain fitudtibns  of  their  minute  particles,  it  is  a pro- 
bable inference,  that  when  the  form  of  a body  is 
altered,  its  capacity  will  alfo  be  altered : and  as 
rare  bodies  have  in  general  greater  capacities  than 
thofe  which  are  more  denfe,  there  is  fome  reafon 
to  prefume  that  the  capacity  of  the  fluid  will  be 
fuperior  to  that  of  the  folid,  and  that  of  the  va^ 
pour  or  gas  to  the  capacity  of  the  fluid. 

This  conclufion  is  eftabliflied  by  experiment.] 
Dr.  Irvine  found,  that  the  capacity  of  water  is 
greater  than  that  of  ice  by  one-tenth,  and  Dr. 
Crawford  dates  the  capacity  of  aqueous  vapour  to 
that  of  water  as  1550  to  1000. 


It  has  been  objedled  to  this  opinion,  that  ifl 
the  abforption  of  caloric  be  not  confidered  as  thel 
caufe  of  the  change  of  form,  no  adequate  caufel 
is  pointed  out.  The  reply  is  obvious,  that  thel 
change  is  owing  to  the  body  being  expanded  tol 
a certain  degree.  The  particles  ai’e  feparated  to| 
certain  diftances,  the  force  of  the  attradlion  of  co- 
hefion  by  which  they  are  held  together  is  dimin-j 
ifhed  or  overcome,  a new  arrangement  of  its  par-j 
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tides  takes  place,  it  palTes  into  the  fluid  or  aeri- 
al form,  and  the  fliate  in  which  it  now  exifts  is 
fuch  that  more  caloric  is  contained  in  it  at  a giv- 
en temperature,  and  therefore,  to  prcferve  that 
temperature,  a quantity  mull  be  abforbed. 

The  general  queftion  would  be  unequivocally 
decided,  were  it  poflible  to  determine  whether 
the  change  of  form  precedes  the  abforption  or  ex- 
trication of  caloric,  or  whether  the  reverfe  be  the 
cafe.  But  this  cannot  be  diredlly  determined  fince 
the  two  are  flmultancous.  It  is  probable,  how- 
ever, from  fome  conliderations,  that  the  effect  of 
the  reduction  of  temperature,  is  firft  to  change 
the  form,  and  that  the  extrication  of  caloric  is 
the  confequcnce  of  this.  Thus  it  is  evident,  that 
the  effedt  of  the  redudion  of  temperature  is  to 
caufe  the  particles  of  the  body  to  approximate 
more  clofely ; by  this  approximation  carried  to  a 
certain  extent,  the  form  of  the  body  may  be 
changed,  and  then  the  extrication  of  caloric  will 
take  place.  We  find  even  that  the  form  of  a bo- 
dy may  be  reduced,  by  a caufe  which  muft  ad 
in  this  manner.  By  mere  preflure  it  is  polTible 
to  reduce  the  vapours  to  the  fluid  form.  This 
preflure,  it  is  evident,  can  have  only  a mechanical 
effed  on  the  vapour  j it  muft  merely  occafion  a 
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change  of  form,  by  caufing  an  approximation  of 
its  particles,  and  can  have  no  effed  m fcparating 
caloric,  were  it  chemically  combined. 

Some  have  imagined  that  the  permanent  ggs- 
es  afford  a more  unequivocal  example  of  the 
chemical  combination  of  caloric,  fince  they  can- 
not be  reduced  to  the  fluid  ftate.  But  it  has  al- 
ready been  fhewn,  what  Lavoifier  demonftrated, 
that  thefe  gases  differ  from  the  vapours,  not  in 
the  combination  of  caloric  being  more  intimate, 
but  merely  in  their  gravitating  matter  affuming 
the  gaseous  form,  at  temperatures  lower  than  thafr 
wpich  art  has  yet  produced. 

From  thefe  fads  the  conclufion  may  perhaps 
be  drawn,  that  the  abforption  of  caloric  which 
acccompanies  liquefadion  and  vaporifation,  is  ow- 
ing not  to  its  entering  into  chemical  combination, 
but  to  the  enlarged  capacity  which  the  body  ac- 
quires by  a change  of  form. 

It  may  be  fuppofed,  however,  that  the  difficul- 
ty is  only  avoided,  not  removed.  May  not  this 
very  diSerence  of  capacity  in  bodies,  in  whatever 
ftate  they  exift,  proceed  from  a chemical  combi- 
nation of  caloric  ? By  faying  that  different  bo- 
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dies,  or  different  forms  of  the  fame  body,  have  ^ 
different  capacities  for  caloric,  the  general  fad  is 
merely  expreifed,  that  in  equal  quantities,  and  at 
equal  temperatures,  they  contain  unequal  quanti- 
ties of  this  power.  But  the  caufe  of  this  is  not 
pointed  out.  May  it  not  then  be  chemical 
combination  of  part  of  the  caloric,  of  that  part 
of  it  in  each  body,  which  amounts  'to  the  dif- 
ference of  the  quantity  it  contains,  compared 
‘ed  with  another  ? This  opinion,  however,  is  at 
(once  refuted  by  the  confiderationthat,  were  it  true, 
the  quantity  of  free  caloric,  or  caloric  of  tempera- 
ture, ought  in  all  bodies  to  be  the  fame,  and  that 
confcquently  in  equal  changes  of  temperature,  e- 
qual  quantities  of  caloric  ought  to  be  abforbed,  or 
given  out  by  all,  fince  the  very  principle  which 
is  affumed  is,  that  the  caufe  of  the  difference  in 
the  abfolute  quantities  of  caloric  which  bodies 
: contain,  is  that  that  portion  in  one  body,  which 
■exceeds  what  is  contained  In  another,  exirts  in  it 
in  a date  of  chemical  combination. 

Whether,  therefore,  the  queftion  be  confidered 
as  relating  to  the  caufe,  why  different  bodies  con- 
tain at  the  fame  temperature,  unequal  quantities 
of  caloric,  or  to  the  caufe  why  different  forms  of 
the  fame  body  follow  the  fame  law,  in  neither 
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cafe  is  it  probable  that  a chemical  combinatioft  of 
part  of  that  caloric,  is  the  caufe  of  the  difference. 
And  as  the  phenomena  are  in  both  cafes  the 
fame,  they  mujl  he  afcribed  to  the  fame  caufe^ 
whatever  that  may  be.  Until  this  is  difcovered,thc 
general  fad  ought  merely  to  be  exprefled  : Ca- 
loric whether  matter  or  motion,  is  to  be  confider- 
ed  as  a power  diffufed  over  matter,  as  the  caufe 
of  that  ftate  of  bodies  termed  their  temperature, 
as  having  a tendency  to  diffufe  itfelf,  until  a com- 
mon temperature  is  formed  ; but  for  the  produc- 
tion of  this  temperature  in  different  bodies,  and 

% 

in  equal  forms  of  the  fame  body,  unequal  quan- 
tities of  this  power  are  required. 

Still  fome  philofophers  of  the  firfl  eminence, 
without  alledging  that  the  difference  in  the  quan  • 
titics  of  caloric  in  different  bodies,  or  the  abforp- 
tion  of  it  during  liquefadion  and  vaporifation,  is 
owing  to  chemical  combination,  have  fuppofed, 
that  there  may  be  a portion  of  caloric  exifting  in 
bodies  in  fuch  a ftate  of  combination  ; and  if  the 
dodrine  is  at  all  to  be  maintained,  it  probably 
muft;  be  on  this  ground.  Lavoifier  and  La  Place 
inclined  to  this  opinion,  from  finding  by  experi- 
ment, that  in  different  cafes  of  chemical  union, 
or  of  change  of  form,  the  quantity  of  caloric  ren- 
dered 
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dered  fenfible,  does  not  correfpond  to  the  changes 
of  capacity  that  take  place,  but  is  fometimes 
greater,  at  other  times'lefs.  Thefc  chemifts  ad- 
mit, however,  that  very  trivial  errors  in  the  efti*i 
mation  of  the  capacities  might  have  given  rife  to 
the  different  refults  they  obtained  ; and  when  the 
fources  of  fallacy  attending  fuch  experiments  are 
confidered,  it  will  be  admitted  as  extremely  pro- 
bable that  fuch  errors  have  been  prefent.  “ I 
“ have  made  many  experiments,”  fays  Dr.  Craw- 
ford, “ with  a view  to  determine  this  queftion, 
“ and  I have  uniformly  found,  that  when  bodies 
“ produced  heat  in  confequence  of  a change  of 
‘‘  form,  their  capacities  were  diminifhed ; and  on 
“ the  contrary,  that  when  they  produced  cold, 
“ their  capacities  were  increafed.  I have  not  yet 
“ been  enabled  to  bring  my  experiments  to  fuch 
“ a degree  of  accuracy  as  to  determine  with  cer- 
“ tainty  whether  the  increafe  or  diminution  of 
“ capacity  were  proportional  to  the  quantities  of 
“ heat  and  cold  produced.  The  refults,  howe- 
“ ver,  were  by  no  means  inconfiflent  with  that 
“ law,  and  did  not  deviate  from  it  more  than 
“ might  naturally  be  expeded  from  the  inaccu- 
“ racies  to  which  fuch  experiments  are  liable.”^ 
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No  experiments  fubfequent  to  this  have  been 
publifhed  by  which  the  queftion  can  be  deter- 
mined. The  fuppofition,  therefore,  that  caloric 
exifts  in  bodies  in  a Hate  of  chemical  combina- 
tion remains  a mere  hypothefis. 

If  it  is  proved,  that  different  bodies  at  the  fame 
temperatures  contain  different  quantities  of  calor- 
ic ; if  it  is  alfo  proved,  that  thefe  differences  of  ca- 
pacity cannot  be  aferibed  to  a chemical  combina- 
tion of  part  of  this  caloric  ; and  if  no  dire6l  proof 
is  given  that  any  portion  of  caloric  exifts  in  fuch 
a combination, — it  is  evident,  that  the  hypothefis 
that  it  does  fo,  independent  of  the  objeftions  to 
which  it  may  be  liable,  is  unneceffary,  and  that 
the  affumption  of  it  tranfgreffes  againft  that  fim- 
plicity  which  is  always  to  be  fought  for  in  philo- 
fophical  fpeculations,  fince  it  is  fuppojing  a caufe 
to  operate,  where  the  phenomena  to  be  explained 
must  partly,  and  may  entirely,  be  owing  to  ano- 
ther, the  exiftence  of  which  is  proved.  To  fay, 
when  caloric  is  rendered  fenfible,  that  it  is  fo  from 
its  being  feparated  from  a fubftance  with  which  it 
was  combined,  by  means  of  a fuperior  affinity  ; or, 
that  when  it  is  abforbed,  it  is  from  a ftrong  affini- 
ty exifling  between  it  and  the  fubftance  into 
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which  it  enters — fuch  a phrafeology,  though  com- 
mon among  chemifts,  is  an  abufe  of  language,  and 
one  fo  much  the  greater  as  the  fame  fadls  may  be 
fully  ftated  without  any  reference  to  any  hypo-  ' 
thefis. 

In  order  chiefly  to  determine  the  queftion, 
whether  caloric  exifts  in  matter  in  a flate  of  che- 
mical combination,  many  experiments  have  been 
made  to  folve  the  problem  refpc6ling  the  abfolute 
quantities  of  it  which  bodies  contain,  or  to  difco- 
ver  by  calculation  the  a£lual  zero,  or  point  in  the 
thermometrical  fcale,  at  which  bodies  would  be 
entirely  deprived  of  this  power.  Dr.  Irvine  firft 
attempted  to  determine  this  point.  The  capaci- 
ty of  ice  he  found  to  be  to  that  of  water  as  9 to 
10 ; — in  other  words,  water  contains  one-tenth 
more  caloric  than  an  equal  weight  of  ice  at  the 
fame  temperature  does.  When,  therefore,  water 
is  converted  into  ice,  it  mufl;  give  out  this  tenth 
part ; and  by  afcertaining  how  much  this  is,  the 
whole  quantity  which  wa^.,  and  of  courfe  any  o- 
ther  fubftance,  contaii^^,i?%ay  be  difcovered. — 
The  quantity,  according'^  fome  chemifts,  is  135°, 
according  to  others,  of  Fahrenheit’s  fcale, 

which  multiplied  by  19  'g^es  1350  or  1400.  The 
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real  zero,  therefore,  may  be  fuppoled  to  be  at  that 
number  of  degrees  below  the  freezing  point  of 
water.  This  calculation  has  been  in  fome  de- 
gree confirmed  by  other  experiments.  Dr.  Craw- 
ford, by  afcertaining  the  capacity  of  water,  the  ca- 
pacities of  its  conftituent  principles,  and  the  quan- 
tity of  caloric  evolved  when  they  combine,  fixes 
the  zero  at  1500  below  o of  Fahrenheit ; and  Mr 
Gadolin,  by  obferving  the  changes  of  temperature 
refulting  from  the  folution  of  muriat  of  foda  in 
Ki'ater,  or  from  the  combination  of  fulphuric  acid 
and  Water,  and  comparing  them  with  the  changes 
that  ought  to  take  place  from  the  differences  in 
the  capacities  produced,  ftates  it  at  1400.  Thefe 
refults,  confidering  the  errors  to  which  fuch 
experiments  are  fubjedt,  muft  be  regarded  as 
agreeing  nearly  with  each  other.  The  experi- 
ments, however,  of  Lavoifier  and  La  Place  afford 
refults  entirely  different  from  thefe,  and  even 
from  each  other  ; and  the  errors  to  which  fuch 
experiments  are  unavoidably  liable  render  every 
conclufion  on  this  queftion  extremely  doubtful. 

• From  the  diverfity  of  opinions  among  che- 
ihifis  refpedling  the  Hate  in  which  caloric  exifts  in 
bodies,  feveral  forms  of  exprellion  have  been  in- 
troduced, which  it  is  proper  to  notice. 

Free 
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Free  caloric,  is  caloric  in  that  ftate  in  which 
expands  bodies,  and,  accumulated  to  a certain  ev  . 
tent,  occafions  the  fenfation  of  hear.  It  frii-J- 
nymous  with  the  fenjible  heat  of  Dr.  Bla-k,  auil 
with  the  caloric  of  temperature  of  iome  ocher  ciie- 
milts. 

The  fpecijic  caloric  of  the  French  cheniilts,  e.x- 
prelTes  the  relative  quantities  of  caloric  contained, 
in  equal  w«ights  of  different  bodies  at  tlie  fan  c 
temperature.  It  is  fynonymous  with  the  comp-r- 
rative  beat  oi  Dr.  Crawford.  Others  have  LUed 
the  phrafe  relative  heat  in  a (imilar  feufe  1 ius 

t 

however>  is  employed  by  Wilcke,'  to  denote  the 
fpecific  caloric  of  a body,  eftiraAted,  nut  by  the 
weight,  but  by  the  volume. 

The  difpofition  or  property,  by  which  differ- 
lent  bodies  contain  certain  quantities  of  caloric,  at 
any  temperature,  is  termed  their  capacity  for  ca~ 

I loric.  ^ 

Latent  caloric,  or  latent  heat,  is  the  exprellion 
iufed  to  denote  that  quantity  of  caloric  which  a 
body  abforbs,  when  it  changes  its  form.  Combin- 
cd  caloric  is  that  portion  fuppofed  to  be  contain- 
<ed  in  any  body,  in  a Hate  of  chemical  combina- 


tion. 
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tion.  The  ahfolute  heat  of  Dr.  Crawford  denotes, 
the  whole  quantity  of  caloric  which  any  body 
contains ; arid  is  exprefled,  according  to  the  lan- 
guage of  the  new  nomenclature,  by  faying,  the 
abfplute  quantities  of  caloric  prefent  in  bodies. 


,OF  THE  NATURE  OF  CALORIC- 

By  the  ancient  philofophers,  the  caufe  of  heat 
was  confidered  as  a peculiar  fubtle  fluid  or  ele- 
ment ; and  this  opinion  fe.ems  to  have  been  receiv- 
ed till  the  time  of  Bacon.  From  pbferving  that 
the  circumftances  which  caufe  augmentation  of 
temperature  are  fuch  as  excite  motion,  and  that 
in  general  whatever  produces  motion  produces 

I 

heat,  he  advanced  the  hypothefis,  that  the  heat- 
ed ftate  of  bodies  depends  merely  on  vibration  of 
their  particles.  Though  this  opinion  was  adopt- 
ed by  fome  chemifts,  particularly  by  Boyle,  New-  , 
ton,  and  Macquer ; the  other,  which  confiders 
the  phenomena  of  heated  bodies  as  depending  on  ^ 
the  prefence  of 'a  peculiar  fubtle  elaftic  fluid  dif-  ( 
fufed  over  matter,  continued  to  be  more  general-  5 
ly  received.  It  was  admitted,  though  with  fome 

referve,  5 
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Kferve,  into  the  antiphlogiftic  doftrine,  and  came 
at  length  to  be  confidered  as  nearly  a demonftrat- 
ed  truth. 

The  opinion  of  Bacon  has,  however,  been  late- 
ly revived,  and  is  £upported  by  arguments  fo  for- 
cible, that  the  queftion  refpedling  the  nature  of 
caloric  is  at  prefent  more  than  ever  a fubjed  of 
difpute. 

The  fads  which  have  led  to  the  revival  of  this 

I 

opinion  are  the  fame  with  thofe  which  induced 
Bacon  to  advance  it, — the  various  cafes  of  aug- 
mentation of  temperature  produced  by  impuFe, 
friction,  or  whatever  is  capable  of  exciting  motion 
i of  the  particles  of  any  mafs  of  matter.  On  the 
fuppofition  of  the  materiality  of  caloric,  this  was 
explained,  by  fuppofing  that  the  caloric  prefent 
was  expelled  by  the  repeated  impulfe  ariling  from 
the  fridlion,  or  percullion,  forcing  the  particles 
nearer  to  each  other.  Count  Rumford  and  Mr. 
Davy,  obferving  thefe  fadts  with  more  care,  and 
varying  them  by  experiment,  have  fliewn,  how- 
ever, that  caloric  continues  to  be  extricated  from 
a body  fubjedted  to  fridlion,  fo  long  as  the  fridtion 
is  kept  up,  and  the  texture  or  form  of  the  body  is 
not  dcflroyed  3 and  have  hence  concluded,  that 

the 
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the  n'he'^nomena  are  inexplicable  on  the  fuppofi- 
f m of  caloric  being  ;natter.  Count  Rumford, 
fpenkiiig  from  His  experiments,  obferves,  “ that 
«*  any  thing  which  any  infulated  body,  or  fyfterri 
of  bodies,  can  continue  to  (mmih’iviihout  Umita- 
lion,  cannot  be  a material  fubftance:  and  it  ap-i 
“ p^’ars  to  tne,”  he  adds  to  be  extremely  diffi- 
cult,  if  not  impoffible,  to  form  any  diftind  idea 
“ of  any  thing  capable  of  being  excited  and  com- 
“ munioared,  in  the  manner  the  heat  was  excited 
f‘  and  communicated  in  thefe  experiments,  except 
“ it  be  motion.”  * 


From  thefe  invefligatioiis  it  has  been  conclud- 
ed, that  the  phenomena  which  have  been  refer-:- 
red  to  the  operation  of  a peculiar  calorific  matteFj 
depend  entirely  on  a vibratory  motion  of  the  par- 
ticles of  bodies ; according  as  this  is  more  or  lefs  in- 
tenfe,  a higher  or  lower  temperature  will  be  pro- 
duced ; and  as  it  predominates  over,  is  nearly  e- 
qual,  or  inferior,  to  the  attradion  of  cohefion,  bo- 
dies will  exift  in  the  gaseou'*,  fluid,  or  folid  ftate  : 
different  bodies  will  be  fufceptible  of  it  in  differ- 
ent degrees,  and  will  receive,  or  communicate  it 

with 
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with  different  degrees  of  celerity  ; and  from  the 
generation,  communication,  or  abftiacfion  of  this 
repullive  motion  under  thefe  laws,  all  the  pheno- 
mena aferibed  to  caloric  are  explained.  ^ 

The  explanation,  however,  will  be  found  very 
unfatisfactory.  By  fridlion,  or  any  other  fpecies 
of  mechanical  motion,  vibration  of  the  particles 
of  bodies  will  indeed  be  induced  ; but  can  the 
exiftence  of  this  vibration  explain  the  moft  im- 

I 

portant  effects  of  caloric?  Does  it  account  for 
the  moft  general  effed,  expanfion,  or  for  the 
production  of  the  fluid  and  aeriform  ftates  ? Vi- 
bration is  merely  the  ofcillatory  motion  of  the 
particles  of  bodies, — that  ftate  in  which  they  ap- 
proach to  and  recede  from  each  other.  How  can 
fuch  a ftate  enlarge  the  volume  of  a body  to  any 
moderate  extent,  much  more  to  1600  or  1800 
times  its  bulk,  as  happens  in  many  cafes,  where  a 
folid  is  converted  into  vapour  ? However  violent 
the  vibration  may  be,  it  is  not  eafy  to  perceive 
how  it  can  induce  a permanent  repulfion  of  the 
particles.  If,  to  explain  the  phenomena,  it  is  af- 
fumed,  that  the  caufe  of  heat  is  not  Ample  vibra- 

Y tion, 
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tion,  but  a peculiar  fpecies  of  repulfive  motion,  it 
becomes  neceflary  to  point  out  the  kind  of  mo- 
tion ; Cnee,  if  this  is  not  done,  it  is  not  account- 
ing for  the  phenomena,  but  only  ftating  the  ge- 
neral fa£l  in  other  terms,  and  faying,  that  a repul- 
fion  is  eftablifhed  between  the  particles.  And 
were  the  kind  of  motion  pointed  out,  it  would 
ftill  be  neceflary  to  fhew  how  it  was  generated  by 
fridlion  ; which,  fuppoCng  it  to  be  different  from 
vibration,  it  might  be  as  difficult  to  do  as  to  ex- 
plain the  rife  of  temperature  from  that  caufe, 
on  the  hypothecs  of  the  materiality  of  caloric. 
In  aferibing  temperature,  therefore,  to  mere  mo- 
tion, we  have  either  an  opinion,  which,  though 
precife,  is  not  fulficient  to  account  for  the  pheno- 
mena, or  one  which  is  fo  vague,  that  it  can  be 
fcarcely  made  the  fubjedl  of  reafoning. 

We  find  alfo,  that  the  laws  of  the  propagation 
of  caloric  are  inconCftent  with  the  fuppofition  of 
its  being  motion.  Were  this  fuppofition  juft,  it 
ought  to  be  propagated  inftantaneoufly  through 
an  elaftic  body,  while,  like  a fluid,  we  find  it 
/ paffes  with  confiderable  flownefs.  It  ought  alfo 
to  be  capable  of  pafling  through  fluids  and  airs, 
which  the  experiments  of  Count  Rumford  fli^w 
that  it  is  not.  Neither  is  the  diflerence  in  the 

quantity 
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quantity  of  it  contained  in  bodies  fatisfadorily 
explained  : for,  were  it  mere  motion,  it  ought  to 
be  proportioned  to  their  temperatures  and  quan- 
tities of  matter. 

On  the  oppofite  hypothejis^  that  of  a fubtle 
fluid,  whofe  particles  are  mutually  repellent,  the 
phenomena  are  eafily  accounted  for.  The  intro- 
dudion  of  fuch  a fluid  mull  caufe  expanfion, 
which,  carried  to  a certain  extent,  will  produce 
fluidity  or  vaporifation.  This  fluid  may  be  cap- 
able of  being  communicated  from  one  body  to 
another ; and  from  its  peculiar  relations  to  each, 
it  may  be  communicated  with  different  veloci- 
ties, and  may  ad  upon  them  unequally,  fo  as  in 
equal  quantities  to  produce  unequal  effeds.  It  is 
the  fatisfadory  explanation  which  this  hypothefis 
affords  of  the  phenomena,  that  has  always  led  to 
its  general  adoption. 

There  are  even  fads  which  tend  to  prove  the 
exiflence  of  fuch  a calorific  matter,  and  which 
are  fcarcely  capable  of  being  explained  on  the 
fuppofition  of  caloric  being  motion : fuch  are  the 
radiation  of  caloric,  iti  pafling  through  a vacuum, 
and  its  difpofition  to  afcend,  as  proved  by  the  ex- 
periments of  Pidet. 


So 
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So  far  the  one  hypotliefis  is  much  fuperior  to  { 
the  other.  ^ There  remains  only  the  difficulty  of  i 
explaining  how  caloric,  fuppofing  it  to  be  matter, 
can  be  produced  by  fridlion.  In  llridl  reafoning, 
this  difficulty  does  not  warrant  the  conclufion, 
that  no  fuch  matter  exifts,  and  the  argument, 
fuch  as  it  is,  is  perhaps  fully  counterbalanced  by 
the  difficulties  attending  that  opinion,  and  the 
facis  that  may  be  urged  in  favour  of  the  other. 

It  is  alfo  perhaps  poffible  to  conceive  how  the 
caloric,  fuppofing  it  to  be  matter,  is  excited  by 
fridlion.  The  phenomena  of  electricity  furnilh  a 
cafe  fomewhat  analogous ; and  if  we  had  it  not  in 
our  power, /fro'hi  the  diftindlion  of  conductors  and 
non-conduEiors  of  the  electric  fluid,  to  trace  the 
fource  whence  it  is  derived  when  excited  by  fric- 
tion, they  would  apparently  exhibit  the  impeffibi- 
lity  of  a finite  body  furnifliing  an  unlimited  quan- 
tity of  a certain  power.  May  not  caloric  be  ex- 
cited in  a fimilar  manner  ? When  a body  is  put 
into  a ftate  of  vibration,  the  caloric  interpofed  be- 
tween its  particles,  muft,  in  their  approximation, 
be  forced  out ; and  it  is  poffible  that  in  the  alter- 
nating retroceflion,  the  body  may  be  difpofed  to 
take  caloric  from  the  matter  with  which  it  is  in 
contgdt,  rather  than  again  to  abiorb  what  it  had 
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given  out.  Such  a fuppofition,  which,  from  the 
confideration  of  the  excitation' of  the  ekttne  flu- 
id, is  not  improbable,  would  be  fully  fufficient  to 
account  for  the  produdion  of  caloric  by  fridion  ; 
for  it  would  not  be  difficult  to  flicw,  that  the  ar- 
guments ufed  by  Count  Rumford  and  Mr  Dayy, 
to  prove  that  caloric  cannot  be  communicated 
from  the  matter  in  contad  With  the  body  to 
which  the  fridion  is  applied,  are  not  conclufive. 
It  does  not  follow,  but  that  that  matter  might 
condud  caloric  to  the  body,  though  it  might  at 
the  fame  time  be  receiving  a portion  of  the  calo- 
ric, which  the'  fridion  renders  lenfible ; neither  is 
it  a neceflTary  confequence,  that  the  temperature 

of  the  matter  thus  conduding  caloric  fliould  be 

/ 

confiderably  reduced. 

If  after  all  we  ffiould  be  obliged  to  admit, 
that  the  motion  is  more  diredly  the  caufe 
of  the  rife  of  temperature  than  this  fuppofi- 
tion allows,  the  fads  that  have  been  ftated 
llill  render  the  opinion,  that  the  mere  motion 
itfclf  conftitutes  heat,  improbable.  And  when 
the  oppofite  fads  which  appear  to  prove  the  ex- 
iftence  of  a calorific  matter  are  confidered,  we 
fliould  perhaps  be  compelled  to  admit,  that  if  the 
phenomena  of  caloric  are  not  owing  to  the  mere 
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prefence  of  a fubtle  fluid,  neither  are  they  to  the 
“vibration  of  every  kind  of  matter  indifferently, 
but  rather  to  the  combination  of  thefe  caufes,  to 
vibrations  excited  in  a peculiar  matter,  capable 
lof  penetrating  all  bodies  ; augmentation  of  tem- 
jperature  being  produced  either  by  the  communi- 
(cation  of  a larger  portion  of  this  fluid,  or  by  the 
anotion  of  its  particles  being  rendered  more  vio- 
lent. This  hypothefis,  however,  which  is  fimilar 
to  the  notion  entertained  by  the  eatlier  chemifts 
of  the  nature  of  fire,  is  much  lefs  Ample,  and  is 
perhaps  unncceflary, 

I-  > 

It  has  been  endeavoured  to  determine  the  na- 
ture of  caloric,  by  afeertaining  whether  it  pof- 
fefles  weight;  but  the  experiments  that  have  been 
m ade  with  this  view  have  afforded  very  different 
refults.  Some  chemifts  fuppofed  that  a body, when 
heated  weighed  rather  more  than  it  did  at  a low 
temperature  ; others  concluded  from  their  experi- 
ments that  it  weighed  lefs,  Lavoifier,  in  perform- 
ing thefe  experiments  with  his  ufual  accuracy, 
could  obferve  no  difference  of  weight  in  the  fame 
mafs  of  matter  at  a low  and  at  a high  tempera- 
ture ; and  more  lately,  Count  Rumford  drew  a fi- 
milar conclufion,  from  experiments  performed 
with  the  greateft  care, 

0? 
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OF  THE  MEANS  BY  WHICH  VARIATIONS  OF  TEM- 
PERATURE ARE  PRODUCED. 

As  caloric  has  a tendency  to  diffufe  itfelf 
cever  matter,  till  an  equilibrium  of  temperature  is 
leftablilhed,  it  is  evident  that,  were  no  foreign 
(caufe  to  difturb  this  tendency,  fuch  ati  equilibrium 
'Would  at  length  be  formed.  Caufes,  however, 
are  conftantly  operating,  by  which  it  is  counter- 
.adted;  and  thofe  variations  of  temperature  ne- 
(celTary  for  the  operations  of  nature  arc  produce 
led. 


Of  thefe  caufes,  the  principal  is  the  heating 

t 

adlion  of  the  folar  rays,  modified,  however,,  by  o- 
thers  of  lefs  powerful  operation.  The  extreme 
of  heat  which  it  might  induce,  is  obviated  by  the 
abforption  of  caloric,  which.  When  the  tempera- 
ture of  the  earth  is  high,  mufl  take  place  from, 
the  rarefadlion  of  the  lower  ftratum  of  the  atmo- 
fphere,.and  the  evaporation  of  moifture  ; and  the 
extreme  of  cold  is  moderated  by  the  quantity  of 
caloric  fet  loofe  by  the  condenfation  of  vapour,  ' 
and  the  congelation  of  water.  The  temperature 

of 
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of  ihe  earth  is  thus  always  kept  within  a mode-  ^ 
rate  range. 

( 

, In  t'lie  operations  of  a^t,  greater  variation^  of  i 
temperature  are  requifite.  The  prodiidlion  of 
heat  is  obtained  by  the  concentration  of  the  folar  i 
rays,  by  the  eledric  fpark,  and  by  combuftion. 
The  kft  is  the  mean  moil  generally  employed,  I 
and,  with  particular  management,  is  capable  of 
exciting  a degree  of^  heat  more  uniform  and  laH;- 
ing,  and  nearly  as  intenfe  as  that  from  any  other 
fource.  The  heat  produced  by  other  cafes  of 
chemical  adlion,  or  that  generated  by  mechanical 
j motion,  can  fcarcely  be  applied  to  any  ufeful  pur- 
pofe. 

It  is  fometimes  neceflary  to  effedt  a redudlion 
of  temperature.  This  may  be  done  by  the  eva- 
poration of  certain  volatile  fluids,  as  ether  or  al- 
kohol ; the  cold  thus  produced  being  fuflicient 
to  reduce  the  thermometer  many  degrees.  The 
produSion  of  cold,  however,  from  fome  chemical 
combinations,  is  much  more  intenfe.  A mixture 
of  fnow  and  fea  * fait  in  equal  proportions  is  cap- 
able of  reducing  temperature  to  6°  below  o of 
Fahrenheit and  there  are  other  faline  mixtures 
capable  of  producing  a far  greater  degree  of  cold. 

Thefe 


V 


Thefe  form  what  are  termed  Freezing  Mixtures. 

r 

The  redudion  of  temperature  which  they  pro- 
duce is  owing  to  an  augmentation  of  capacity  re- 
fulting  from  their  mutual  a6lion,  and  in  general  a- 
riling  from  the  liquefadion  of  the  folid  falts,  or  of 
the  water  of  cryftallization  which  they  contain. 


'Z'  CHAP. 


‘ OF  LIGHT,  AND  THE  ELECTRIC  FLUID. 


Light,  and  the  Ele6lric  fluid,  are  chemical  a- 
gents,  analogous  in  feveral  refpedls  to  caloric. 
Like  it,  they  are  too  fubtle  to  be  obtained  in  dif- 
Cindl  ftates  of  exiftence,  or  to  be  traced  otherwife  : 
than  by  their  effeds*;  and  if  they  exift  in  bodies 
in  a ftate  of  combination,  we  have  it  not  in  our 
• power  to  feparate  them,  fo  as  to  obtain  the.ful>- 
ftances  with  which  they  are  combined.  We 
can,  therefore,  only  confider  their  chemical  effeds, 
without  attempting  to  defcribe  fyftematically  the  ( 
combinations  into  which  they  enter  : and  under 
this  view  of  the  fubjed,  as  well  as  from  their  ana- 
logy with  caloric,  they  may  be  confidered  in  this 
part  of  our  arrangement.  j 
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OF  LIGHT. 

The  materiality  of  Light  is  proved  by  a num- 
ber of  its  properties.  Its  motion,  though  incon- 
ceivably rapid,  is  progreffive  ; it  may  be  ftopt,  or 
the  dire6lion  of  its  motion  may  be  changed ; it 
may  be  condenfed  into  a fmaller,  or  difperfed  o- 
ver  a larger  fpace ; and  it  is  infledled  when  paf- 
fing  near  to  a body,  which  proves  that  it  is  fub- 
jedt  to  the  attraction  of  gravitation.  It  like  wife 
exerts  peculiar  chemical  attractions;  and  perhaps, 
.next  to  oxygen,  is  the  moft  exteniive  in  its  influ- 
: ence  of  any  of  the  chemical  agents.  Thefe  two 
bodies,  light  and  oxygen,  feem  deligned  as  anta^. 
jgonifts;  the  combination  of  oxygen  with  any  body 
being  generally  attended  with  the  feparation  of 
ilight,  either  in  a fenfible  form,  or  in  a Hate  of  nev/ 

I combination ; while  oxygen  is  fcarcely  ever  ex- 
itricated  without  the  agency  of  light. 

Light  is  ufually  regarded  as  a fubftance,  or 
emanation  of  particles  of  inconceivable  rarity, 
[projected  in  right  hnes  from  the  fun,  and  from  all 
-luminous  bodies,  and  moving  with  extreme  velo- 
city. 


172  LIGHT. 

I • 

city.  Some  have  fuppofed  that  the  phenomena 
of  light  rather  depend  on  vibrations,  excited  in  an 
extremely  elaftic  and  rare  fluid,  difFufed  through 
fpace ; but  the  former  opinion  accords  more 
completely  with  the  phenomena,  and  is  more  ge- 
nerally received. 

Light  is  not  a homogeneous  fubftance,  but  is 
coihpofed  of  particles  of  various  magnitudes,  fe- 
parable  from  each  other.  Thefe,  when  fepar- 
ate,  excite  the  fenfations  of  various  colours,  and 
produce  different  chemical  effedls.  It  is  feparat- 
ed  by  the  prifni  into  feven  rays,  red,  orange,  yel- 
low, green,  blue,  indigo,  and  violet,  Thefe  have 
different  degrees  of  refrangibility ; the  red  be- 
ing the  leaft,  the  violet  the  moft  refrangible. 

I 

Light  is  very  differently  affedled  by  different 
bodies.  It  pafles  through  fome  with  facility  ; by 
others  it  is  reflected  from  the  furface  ; fome  re- 
lledt  only  one  fet  of  particles,  the  red,  green,  or 
any  of  the  others,  which  gives  rife  to  the  different 
colours  that  bodies  exhibit : and  there  are,  laff- 
ly,  fome  in  which  the  light  is  entirely  extinguifli- 
ed. 
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Light  can  alfo  form  a more  intimate  union 

with  bodies,  'of  which  there  are  different  degrees. 

In  many  cafes  it  appears  to  be  abforbed,  but  pro-^ 

duces  no  change  in  the  fenfiblc  qualities  of  the 

body,  and  is  again  gradually  given  out.  ' In  o- 

thcrs,  it  produces  alterations  of  temperature  and 

of  compofition,  or  acts  as  an  important  chemical 
\ 

power. 

The  firfl  of  thefe  cafes  conflitutes  what  is 
termed  Phofphorcfcence,  or  that  property  by 
which  certain  fubftances,  after  being  expofed  to 
the  fun’s  rays,  appear  luminous  when  removed  to 
a dark  place,  and  continue  to  emit  light  for  a 
certain  time.  It  is  pofTeffed  by  many  fubftanc'is, 
both  mineral  and  vegetable ; in  general,  in  the 
highefl  degree  by  thofe  which  are  white.  They 
are  termed  Solar  Phofphori.  Artificial  folar  phof- 
phori  may  be  prepared  much  more  powerful  than 
the  natural : fuch  is  the  Bolognian  phofphorus, 

1 

which  is  a fulphat,  or  rather  a fulphuret  of  Barytes; 
Baldwin’s,  which  is  a nitrat  of  lime;  and  Canton’s, 
which  is  a fulphuret  of  lime.  Some  of  thefe  phof- 
phori do  not  emit  tlie  white  light,  but  exhibit  the 
prifmatic  colours.  , 
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The  phofphorefcent'  property  in  all  thefe  bo- 
dies appear  to  be  the  fame,  differing  only  in  de- 
gree. Some  require  to  be  expofed  to  the  folar 
rays,  and  even  to  the  rays  concentrated  by  a lens, 
to  render  them  luniinous ; others  acquire  the  lu- 
minous property  by  expoling  them  to  clear  day 
light  for  one  or  two  minutes ; and  fome  can  be  il- 
luminated'cven  by  the  light  of  a candle,  or  by  an 
electrical  difcharge.  After  the  luminous  proper- 
ty is  acquired  by  the  due  expofure  to  light,  it  is 
rendered  more  vivid  by  raifing  the  temperature, 
but  it  ceafes  proportionally  fooner.  By  raifing 
the  temperature  ftill  farther,  it  may  be  revived. 

Thefe  fadts,  and  the  general  phenomena  of 
phofphorefcence,  evidently  fugged  the  opinion,'  ! 
that  the  phofphorefcent  body  when  expofed  to  I 
the  light  abforbs  part  of  it,  different  bodies  abforb-  I 
ing  different  quantities ; that  this  light  is  again  | 
gradually  emitted,  and  that  its  expulfion  is  promo-  i 
. ted  by  the  agency  of  caloric.  This  is  rendered 
doubtful,  however,  by  the  fadls,  that  when  light  c 
is  tranfmitted  to  the  phofphorefcent  body  through  :i 
a coloured  glal^,  or  when  any  of  the  prifmatic  rays  c 
is  thrown  upon  it,  it  dill  continues  to  emit  its  u- 
fual  light.  The  luminous  appearance  of  thefe 

fubdances  n 


fubftances  is  entirely  independent  of  any  adlion 
of  the  air. 

There  is  another  clafs  of  phofphorefcent  bodies 
which  become  luminous  when  heated,  indepen- 
dent of  any  previous  expofure  to  light,  but  the 
appearance  of  the  light  continues  only  a very 
fhort  time,  and  becomes  much  fainter  each  time 
it  is  excited.  In  fome  of  them  the  light  is  co- 
loured, in  others  it  is  white.  A fimilar  light  is 
obtained  from  them  by  attrition.  The  native  flo- 
at of  lime,  quartz,  and  the  gems,  are  the  principal 
phofphori  of  this  kind. 

The  lafl;  fpecies  of  phofphorefcence  is  that  of 
animal  matter.  Marine  animals  are  remarkable 
ifor  this  property ; it  has  alfo  been  obferved  in  the 
flefli  of  fome  quadrupeds,  and  feveral  infedls  ap- 
pear very  luminous  in  the  dark.  The  light  from 
1 rotten  wood  appears  to  be  of  a fimilar  kind.  This 
ilight  was'fuppofed  to  be  emitted  in  confequence 
of  incipient  putrefadion,  and  fome  even  aicribed 
it  to  a fpecies  of  gas  difeharged  during  that  pro- 
cefs.  But  Dr.  Hulme  has  Ihewn,  that  fo  far  from 
‘this  being  the  cafe,  it  ceafes  Vv’henever  putrefac- 
tion begins.  Its  emiffion  is  not  accompanied 
with  any  fenfible  extrication  of  caloric  ; it  is  pro- 
moted by  a moderate  heat.  The  luminous  mat- 
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ter  on  which  it  depends,  Dr.  Hulme  found, 
could  be  feparatcd  from  thefe  fubftances,  by  fe- 
veral  faline  folutions,  which  then  acquired  the 
property  of  emitting  light.  It  is  extinguifhed  by 
pure  water,  by  acid  or  alkaline  folutions. 

The  chemical  effedls  of  light  upon  bodies  are 

(• 

next  to  be  noticed.  Thefe  may  perhaps  be  en- 
tirely refeiTed  to  its  power  of  feparating  oxygen 
from  its  combinations.  Hence  it  is  capable  of  re- 
ducing the  metallic  oxyds,  and  of  decompoling 
the  nitric  and  oxygenated  muriatic  acids,  by  ex- 
• pelling  the  oxygen  which  they  contain.  Its  in- 
fluence on  vegetation  depends  on  the  fame  ope- 
ration. Plants  which  are  fecluded  from  the  light 
arc  inllpid,  coloiirlefs,  feeble,  and  irritable,  and 
during  their  growth  emit  only  carbonic  acid : 
but  when  expofed  to  the  folar  rays  they  become 
vigorous,  acquire  a green  colour,  and  become 
more  fragrant,  pungent,  and  inflammable.  Dm?- 
ing  this  expofure,  they  emit  oxygen  gas  in  abun- 
dance ; apparently  from  the  decompofition  effedt- 
ed  by  'the  chemical  agency  of  light,  of  the  water 
and  carbonic  acid  which  they  abforb.  Nor  are 
animals  exempted  from  the  influence  of  light ; 
but  fuffer  changes  from  itfomewhat  fimilar  to  thofe 
of  vegetables. 
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The  experiments  of  Sennebier  have  proved, 
:that  the  different  rays  of  light  produce  the  fame 
.chemical  effedls  in  very  different  degrees.  The 
?muriat  of  filver  is  blackened  by  light ; he  found, 
that  the  fhade  produced  by  the  violet  rays  in  15 
Teconds  required,  for  its  production  the  aCtion  of 
the  indigo  for  23  ; of  the  blue,  29  ; of  the  green, 
37  ; of  the  yellow,  5'-  minufes ; the  orange,  12  ^ 
and  the  red,  not  lefs  than  20  minutes. 

The  laft  general  effeCl  to  be  obferved  in  the 
chemical  hiltory  of  light,  is  its  power  of  heating 
bodies,  or  railing  their  temperature. 

The  heat  excited  in  different  bodies  by  the 
folar  rays  is  very  different.  T.hofe  which  are 
tranfparent  fuffer  them  to  pafs  with  fcarcely  any 
interruption,  and  have,  therefore,  their  tempera- 
ture httle  raifed.  White  bodies,  reflecting  the 
light  from  their  furface,  are  lefs  heated  than  thofe 
which  are  coloured,  in  which  more  of  the  light  is 
retained and  from  the  experiments  of  F ranklin, 
it  appears  that  the  darker  coloured  any  body  is, 
the  more  it  is  heated  by  the  folar  light.  The  dif- 
ferent rays  of  light  have  lilvcwife  different  heating 
powers  ; the  heating  power,  according  to  the  ex- 
periments of  Herfchel,  following  inverfely  the  or- 
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der  of  their  refrangibility, — the  leaft  refrangible 
pofTelTing  it  in  the  greateft  degree.  This  laft  faft, 
compared  with  the  experiments  of  Sennebier, 
fcrves  to  eftablifh  clearly  the  peculiar  chemical 
properties  of  light.  Count  Rumford  had  fuppof- 
ed,  that  the  effedl  of  light  in  de-oxydating  bodies 
might  be  owing  entirely  to  its  exciting  a very 
high  temperature  in  the  point  on  which  it  ftrikes ; 
an  opinion  at  firft  view  not  improbable.  But  thefe 
experiments  prove,  that  th6  rays  molt  powerful  in 
exciting  temperature,  are  thofe  which  poffefs  the 
leaft  power  of  producing  thefe  chemical  efiedls. 

It  has  always  been  an  object  of  inveftigation 
among  chemifts.  In  what  manner  does  light  adt 
in  heating  bodies  ? or.  What  is  the  nature  of  that 
intimate  connedtion  which  appears  to  fubfift  be- 
tween light  and  caloric  ? The  connedlion  feems 
fo  intimate,  that  many  were  led  to  regard  them  as 
eflentially  the  fame,  or  as  modifications  of  the  fame 
kind  of  matter,  differing  from  each  other  princi- 
pally in  their  ftate  of  motion. " Others  fuppofed 
that  light  was  a peculiar  matter,  combined  with  a 
large  portion  of  caloric ; while  not  a few  afcribed 
the  heating  property  of  the  rays  of  light  to  their 
power  of  exciting  vibrations  in  the  matter  on 
which  they  ftrike. 
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The  late  valuable  experiments  of  Dr.  Herfchel, 
perhaps  render  the  difcuflion  of  thefe  opinions 
unneceflary.  He  has  fhewn,  that  there  exifts  in 
the  folar  rays,  and  alfo  in  the  light  thrown  from 
luminous  bodies,  rays  which  are  invifible,  or  in- 
capable  of  exciting  vifion,  but  which  are  powerful 
in  exciting  heat.  Thefe  invifible  rays  are  propa- 
gated in  right  lines  with  extreme  velocity,  and 
are  capable  of  reflexion  and  refradtion.  Being 
lefs  refrangible  than  the  vilible  rays,  they  are 
partly  feparated  from  them  by  the  prifm,  and  are 
thrown  principally  towards  one  extremity  of  the 
prifmatic  fpedlrum  ; and  accordingly  at  that 
point  the  heating  power  is  greateft.  The  folar 
rays  confift,  therefore,  of  two  kinds  of  matter, — of 
pure  light,  and  of  radiant  caloric  : their  heating 
power  feems  to  depend  on  the  latter,  while  it  is 
in  the  former  that  their  peculiar  chemical  proper- 
ties refide. 

Light  then  may  be  confidered  as  a peculiar 
fubftance  or  matter,  capable  of  entering  into  com- 
bination with  other  bodies,  and  adlually  exifting 
in  them  as  a chemical  conftituent  principle. 
Hence  we  explain  its  extrication  in  many  cafes 
of  chemical  adlion,  and  the  important  chemical 
changes  it  produces  in  many  bodies.  Light  at 

the 
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the  fame  time,  whether  derived  from  the  fun,  0¥ 
extricated  from  bodies,  is  accompanied  with  calo- 
rific matter  in  a fimllar  ftate  of  motion ; and  on 
the  prefence  of  this  matter  docs  the  power  which 
light  has  of  raifing  the  temperature  of  bodies  de- 
pend. Thefe  two  kinds  of  matter  are  eflentially 
different ; they  are  diftinguifhed  not  only  by  the 
different  fenfations  they  excite,  but  by  the  pof- 
feffion  of  very  different  chemical  prop  erties  : calo- 
ric in  a ftate  of  projectile  motion  is  ftill  very  dif- 
ferent from  light,  and  light  in  quiefcence  has 
properties  entirely  diffimilar  from  thofe  of  caloric. 
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■ ■ ELECTRICFLUIDs 

The  phenomena  of  electricity  are  fuppofed  to 
depend  on  a certain  fluid,  diftinguifhed  by  parti- 
cular properties.  It  is  prefent  in  the  earth,  and 
in  all  bodies  in  certain  quantities,  it  can  pafs  a- 
long  the  furfaces  of  fome  with  facility,  while 

there  are  others  which  are  nearly  incapable  of  con- 

\ 

duCting  it.  It  is  accumulated  by  friction  on  the 
furface  of  bodies  of  the  latter  kind,  and  may  be 
carried  off  by  the  application  of  any  of  thofe 
which  are  capable  of  affording  it  a ready  paflage. 
Bodies,  therefore,  may  either  be  deprived  of  a 
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large  fhare  of  the  portion  of  this  fluid  which  they , 
naturally  contain,  or  a greater  quantity  than  na- 
tural may  be  accumulated  in  them.  On  thefe 
principles  the  general  phenomena  of  eledlricity 
are  explained.  It  is  foreign  to  the  objedl  of  >his 
work  to  confider  it  otherwife  than  as  a chemical 
power.  ^ 

When  eledlricity  is  tranfmitted  in  confidera- 
ble  quantity  through  bodies,  it  raifes  their  tempe- 
rature ; and  its  heating  power  is  fo  great,  that  it 
is  able  to  melt  even  thofe  metals  that  are  moft  dif- 
ficult of  fufion.  Its  force  in  this  refped  is  found 
to  depend  on  the  proportion  between  the  quanti- 
ty of  fluid  tranfmitted,  and  the  volume  of  the  bo- 
dy through  which  it  is  fent ; and  it  is  therefore 
probable,  that  the  heat  produced  depends  on  the 
force  of  its  mechanical  impulfe.  Van  Marum 
found,  that  the  fufibility  of  the  different  metals  by 
the  electric  fluid,  is  different  from  the  order  of 
their  fufibilities,  by  the  direct  application  of  cal- 
oric. 

The  eledrical  difcharge,  from  its  power  of  fud- 
denly  railing  temperature  fo  an  intenfe  degree,  is 
a powerful  mean  of  promoting  chemical  combina- 
tion. When  tranfmitted  through  metallic  wires, 
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in  contaft  with  atniofpheric  air,  their  furface  is 
oxydated  ; even  gold  and  lilver  fuifer  from  it  this 
change,  though  nearly  incapable  of  oxydation 
from  the  greateft  heat  which  any  furnace  can 
excite.  The  cledric  fpavk  is  likewife  the  moft 
ededual  mean  of  effeding  the  combinatioii*of  le- 
veral  of  the  gases,  which,  when  merely  mixed  to- 
gether, do  not  unite.  It  is  eqimily  capable,  in 
many  cafes,  of  effeding  decompolition,  apparently 
from  its  power  of  exciting  a high  temperature  in 
the  point  at  which  it  is  received. 

'The  eledric  fluid  partakes  likewife  of  the  na- 
ture of  lights  as  is  evident  from  the  fpauk,  and  lu- 
minous train  which  it  may  be  made  to  exhibit, 
and  not  lefs  evidently  from  its  chemical  adion : 
we  find  it  is  capable  of  decompofing  feveral  com- 
pounds, and  relblving  them  into  their  conftituent 
principles,  one  or  both  of  which  principles  con- 
tain light  as  a conftituent  part ; and  the  light  ne- 
ceflary  for  their  conftitution  cannot  in  thefe  de- 
compofitions  be  derived  from  any  other  fource 
than  the  eledric  fluid. 

Lately  a particular  mode  of  exciting  the  elec- 
tric fluid,  and  direding  its  adion,  fo  as  to  obtain 
the  moft  important  and  Angular  chemical  effeds, 

has 
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has  been  difcovered.  Volta,  in  profecuting  his 
refearches  on  the  phenomena  of  Galvanifm,  or  a- 
nimal  eledricity,  found  that  by  the  mere  contadl 
of  conducing  fubftances  of  different  kinds,  pheno- 
mena fimilar  to  thofe  of  eledlricity  were  produc- 
ed. The  apparatus  he  conflrudfed  confifts  of 
plates  of  metal,  of  two  different  kinds,  as  of 
zinc  and  filver,  or  zinc, and  copper,  placed  alter- 
nately above  each  other,  a piece  of  pafleboard, 
or  any  other  foft  porous  fubflance'  moiflened 
with  water,  or  with  certain  faline  folutions,  being 
interpofed  between  each  pair.  A column  or  pile 
of  this  kind,  confifting  of  thirty,  fifty  ,or  more  pie- 
ces of  each  metal,  excites  eleflricity  fo  ftrongly, 
that  when  the  top  and  bottom  pieces  are  touched 
at  the  fame  time  by  the  fingers  moiflened,  a fenfa- 
tion  is  communicated,  fomewhat  limilar  to  that  of 
the  eledlric  fhock,  and  a luminous  point  or  fpark 
can  alfo  be  produced.  The  operation  of  this  ap- 
paratus in  effedling  chemical  decompofition  is  not 
lefs  flriking.  When  a metallic  wke  from  the  plate 
at  the  top  of  the  column,  and  another  from  that 
at  the  bottom,  are  inferted  in  a tube,  containing 
water,  alkohol,  ammonia,  or  any  compound  fluid, 
one  of  the  principles  of  which  is  a body  which 
exifts  naturally  in  the  gafeous  form,  a decompofi- 
tion immcdiaiely  commences,  and  continues  to  go 
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on,  as  long  as  the  apparatus  retains  its  power  not 
much  impaired. 

The)  e can  be  little  doubt  that  the  agent  con* 
cemed  in  the  produdlion  of  thefe  phenomena  is 
the  electric  fluid.  This  is  proved  by  the  fenfa- 
tion  it  excites,  by  the  fpark  which  it  gives,  by  its 
palling  eafily  through  condudors  of  eledricitv 
being  flopt  in  its  courfe  by  non-condudors,  and 
by  its  affeding  the  eledrometer  when  in  a pow- 
erful ftate.  It  has  even  been  afcertained,  that 
the  eledricity  difcharged  by  the  wires  conneded 
with  the  top  and  bottom  of  the  column,  is  in  dif- 
ferent dates,  that  from  the  one  being  pofitive,  that 
the  other  negative. 

How  the  eledric  fluid  is  excited,  or  called  in- 
to adion,  by  the  mere  contad  of  conduding  fub- 
ftances  wl^ich  conflitutes  this  apparatus,  is  not 
eafily  explained.  From  the  fads  already  afcer- 
tained, it  feems  probable,  that  this  peculiar  difpo- 
fition  has  little  or  no  lhare  in  its  produdion ; that 
the  utility  of  a feries  of  eledrical  condudors  is 
only  to  colled  and  condud  the  power  when  ex- 
cited ; but  that  its  excitation  depends  on  a very 
different  caufe,  the  chemical  adion  going  on  in 
the  pile.  Although  fridion  be  the  principal  and 
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indeed  the  moft  powerful  mean  by  which  eledlri- 
city  is  excited,  it  is  not  the  foie  one  ; it  is  likewife 
rendered  adlive  by  heating  and  cooling  bodies,  by 
fufion,  and  by  vaporifation.'  It  is  therefore  pro- 
bable that  it  may  alfo  be  excited  by  chemical  ac- 
tion, and  thus  give  rife  to  the  phenomena  of  the 
pile  of  Volta,  and  of  Galvanifm  in  general — 
That  a chemical  adion  is  exerted  among  the 
fubftances  compofing  the  pile,  is  indeed  clear- 
ly proved,  fmce  one  of  the  metals  is  always  ox- 
ydated,  and  the  faline  folution  employed  to  moif- 
ten  the  pafteboard  is  decompofcd  : and  that  this 
adion  is  intimately  conneded  with  the  excitation 
of  the  eledrical  energy  is  eftablifhed  by  numerous 
experiments.  The  power  of  the  apparatus  ceafes 
when  it  is  placed  in  the  exhaufled  receiver  of  the 
air  pump,  or  in  a velTel  filled  with  azotic  or  hy- 
drogen gases.  It  is  more  powerful  in  oxygen  gas 
than  in  atmofpheric  air,  and  in  either  the  oxygen 
is  confumed  ; and  its  powers  are  much  increafed 
when  the  water  in  contad  with  the  metal  holds 
in  folution,  oxygen,  nitrous  gas,  diluted  ni- 
tric or  muriatic  acid,  or  any  fubfhance  which  ei- 
ther affords  oxygen  with  facility,  or  promotes  the 
oxydation  of  the  metal.  The  power  of  the  gal- 
vanic feries  or  column  feems  indeed  to  be  propor- 
tional to  the  oxydation  of  the  metal  which  com- 
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pofes  it,  and  hence  it  may  with  much  probability 
be  concluded,  that  it  is  to  this  chemical  adtion, 
that  the  excitation  of  the  galvanic  influence  is  ow- 
ing. 

The  mode  in  which  this  peculiar  power  ope- 
rates in  producing  the  changes  which  arife  from 
its  adlion  is  extremely  obfcure.  It  evidently  dif- 
fers in  certain  rcfpedls  from  the  operation  of  the 
common  eledlrical  difcharge,  and  the  phenomena 
it  produces  are  fcarcely  analogous  to  any  other 
kind  of  chemical  adtion.  When  water,  for  exam- 
ple, is  decompofed  by  it,  it  is  not  by  one  of  the 
metals  attradling  the  oxygen  of  the  water  and  let- 
ting loofe  the  hydrogen  ; neither  are  the  princi- 
ples of  the  water  feparated  at  the  point  at  which 
it  adts,  and  the  two  gases  difengaged  together : 
but  from  the  extremity  of  the  one  wire  pure  oxy- 
gen is  extricated,  and  pure  hydrogen  from  that 
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of  the  other  */ .and  this,  although  the  wires  be  at  a 
diftance  from  each  other,  and  even  placed  in  fe- 
parate  tubes.  Similar  anomalous  appearances  are  ' 
obferved  in  the  decompofition  of  other  fluids,  and 
they  are  fuch  as,  in  the  prefent  ftate  of  our  know- 
ledge of  the  nature  and  powers  of  this  agent,  can- 
not be  fatisfadlorily  explained.  ® 


PART 


PART  II. 


OF 

THE  SIMPLE  SUBSTANCES,  AND  THEIR 
BINARY  COMPOUNDS.  ; v 


Having  confidered  thefe  general  powers, 
which,  hy  their  aftion  on  matter,  give  rife 
to  the  principal  phenomena  of  Chemiftry,  we  have 
next  to  inveftigate  the  chemical  properties  and  ac- 
tions of  the  individual  fubftances  on  which  they 
operate.  In  this  inveftigation  we  follow  the  divi- 
fion  of  bodies  into  Simple  and  Compound,  as  the 
one  bell  adapted  to  the  nature  of  the  fcience. 


In 
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SIMPLE  SUBSTANCES. 


In  the  language  of  modern  chemiftiy,  the 
term  Simple,  or  Elementary,  has  a fignification 
different  from  that  attached  to  it  by  the  ancient 
philofophers.  They  nnderftood  it  as  expref- 
fingfubdances  eJJ'entially  fimpl&and  indeflrudible, 
•which,  by  modifications  of  form,  or  combinations 
with  each  other,  form  the  different  fubftances 
which  compofe  the  material  world.  By  modern 
chemifls  it  is  underftood  in  a different  fenfe.  As 
the  obje£t  of  their  fcience  is  to  inveftigate  the  com- 
pofition  of  bodies,  or  feparate  them  into  their  con- 
ftituent  principles,  they  muff  neceffarily  in  their 
operations  arrive  at  certain  fubftances,  beyond 
which  the  analyfis  cannot  be  carried.  Such  fub- 
ftances are  termed  Simple.  The  term  implies  not 
their  abfolute  fimplicity  ; for  it  is  very  polfible, 
and  even  probable,  that  they  may  be  compounds. 
But  it  is  affumed  as  a general  principle,  that 
every  fubftance  is  to  be  regarded  as  fimple  which 
has  not  been  dccorapofed  ; and  therefore  every 
kind  of  matter  obtained  by  chemical  analyfis  is 
ranked  as  fuch,  which  cannot  be  refolved  into 
two  or  more  conftituent  parts. 

f ‘ 

There  is  fome  limitation,  however,  to  this  prin- 
ciple. There  are  feveral  fubftances  which  chem- 

ifts 
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ifts  have  not  hitherto  been  able  to  decompofe,  but 
which  they  have  the  ftrongeft  reafon  from  ana- 
logy to  believe  are  compounds.  The  clafs  of 
chemical  agents,  for  example,  termed  Acids,  con- 
lifts  of  fubftances,  the  greater  number  of  which 
are  proved  not  only  to  be  compounds,  but  to  con- 
tain one  common  acidifying  principle.  There 
are  three  of  them,  however,  which  have  refifted 
every  method  of  analylis  that  has  been  applied  : 
but  the  analogy  between  thefe  and  the  other  in- 
I dividuals  of  the  fame  clafs,  is  fo  diredt  and  unex- 
ceptionable, that  no  chemift  at  prefent  hefitates 
in  conlidering  them  as  compounds.  A limilar  a- 
nalogy  exifts  in  another  clafs  of  chemical  agents, 
the  Alkalis.  One  of  them  has  been  proved  to  be 
compound  ; there  are  other  two  which  have  not 
been  analyfed,  but  which  the  fame  analogy  leads 
us  to  regard  as  compounds ; and  there  are  even 
fads  which  favour  this  conclufion.  It  would, 
therefore,  be  a very  unneceflary  adherence  to  rigid 
fyftematic  arrangement,  were  any  of  thefe  fub- 
llances,  either  acids  or  alkalis,  to  be  conlidcred  as 
fimple,  and  feparated  from  thofe  with  which  they 
have  a natural  connedion. 


With 
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With  thefe  exceptions,  the  fubftances  which 
have  not  been  decompofcd  are  regarded  as  fitn- 
The  number  of  them  whofe  materiality 
and  dilVma  cxiftence  have  been  eftabliflied,  and 
whofe  chemical  charaaers  we  can  fix  with  cer^ 
tainty  and  difcrimination,  amounts  to  nearly  for- 
ty* They  may  be  arranged  under  the  following 
orders : ift.  Simple  fubftances  naturally  exifting 
in  the  gafeous  form,  comprehending  Oxygen,  Hy- 
drogen, and  Azot ; zdly,  Simple  inflammable 
fubftances,  comprehending  Carbon,  Sulphur,  and 
. Phofphorus ; 3dly,  the  Metals ; and,  4thly,  the 
Earths. 

The  fubftances  comprifed  under  the  firft  or- 
der, the  Simple  Gases,  arc  the  moft  important  of 
the  chemical  agents,  as  they  enter  as  conftituent 
principles  into  by  far  the  greater  number  of  the 
produdlions  of  nature.  They,  therefore,  proper- 
ly occupy  the  fiift  place  in  any  chemical  arrange- 
ment. ! 

f 

After  they  have  been  defcribed,  it  will  be  con-  ( 
venient  to  confider  the  combinations  into  which 
they  enter  with  each  other,  and  the  produds  to  - 
which  thefe  give  rife,  before  proceeding  to  the  e- 

numeration 
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numeration  ot  the  other  limple  fubftances.  Under 
the  combination  of  hydrogen  and  azot,  the 
clafs  of  chemical  agents  termed  Alkalis,  may  firfl; 
be  confidered,  as  we  thus  obtain  the  greateft  ad- 
vantages of  arrangement,- thefe  fubftances  com- 
bining with  many  of  the  remaining  limple  bodies 
and  their  binary  compounds,  and  forming  import- 
ant compounds.  The  general  phenomena  attend- 
ing the  combinations  of  oxygen,  and  the  generic 
charadlers  of  the  produds  of  oxygenation,  may 
next  be  noticed,  and  then  the  peculiar  combina- 
tions of  oxygen  with  the  other  two  ftmple  gases 
may  be  confidered. 

We  next  proceed  to  the  fecond  order,  the  Sim- 
ple Inflammables,  noticing  their  properties,  their 
combinations  with  the  Ample  gases,  with  each  o- 
ther,  and  with  the  feveral  compounds  which  have 
already  been  deferibed,  and  iikewife  the  proper- 
ties of  the  new  compounds  which  refult  from  thefe 
combinations.  After  the  fame  manner,  the  re- 
maining orders  of  Metals  and  Ea,rths  may  be 
confidered. 

r 

There  remains  an  extenfive  clafs  of  compounds, 
thofe  which  are  the  products  of  organifation ; in 

bther 
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other  words,  the  Vegetable  and  Animal  producls. 
Thefe  are  with  propriety  refervcd  for  feparate* 
conlideration,  as  they  poflefs  chemical  charaders 
by  which  they  are  clearly  diftinguiflied  from  the 
preceding  compounds. 


Under  thefe  divifions  may  be  arranged  every 
fubllance,  either  exifting  in  nature  or  produced 
by  art,  which  it  belongs  to  chemiftry  to  confider. 
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CHAP.  I. 


SIMPLE  GASES. 


The  term  Air  or  Gas  is  applied  to  fub (lances 
which  are  fo  rare  as  to  be  invilible,  but  whofe 
.weight  we  can  eftimate,  which  are  compreflible, 
and  permanently  elaftic.  The  atmofphere,  or  that 
mafs  of  invifible  elaftic  fluid  which  furrounds  the 
;globe,  affords  a familiar  example  of  a body  cxift- 
iing  in  this  formj  and  there  are  many  others,  each 
Ibeing  diftinguilhed  by  the  polfeflion  of  peculiar 
(chemical  properties. 

It  has  already  been  obferved  that  the  aeriform 
iftate  depends  upon  the  agency  of  caloric.  When 
a folid  body  is  heated  to  a certain  extent,  it  be- 
comes fluid,  and  the  fluid  by  a further  addition  pf 
caloric,  has  its  particles  feparated  to  fuch  diftan- 
ces,  that  the  attraction  of  cohefion  is  overcome, 
an  elaftic  or  repulfive  power  is  acquired,  the  fluid 
becomes  fo  rare  as  to  be  invifible,  and  thus  palfes 
into  the  (late  of  vapour  or  gas.  If  it  requires  a 
high  temperature  to  caufe  it  to  pafs  into  the  aeri- 
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form  ftate,  it  is  condenfed  by  a moderate  degree 
of  preflure  or  cold  ; if  it  alTumes  this  ftate  at  a 
very  low  temperature,  it  is  permanently  elaftic,  or 
retains  its  aerial  form  at  the  loweft  natural  tempe- 
rature. Subftances  exifting  in  the  former  ftate 
are  termed  Vapours  ; to  thofe  which  are  perman- 
ently elaftic,  the  term  Air,  or  Gas,  is  particularly 
applied.  The  diftindion  between  them  is  only 
relative,  and  arifes  folely  from  the  difference  of 
femperature  at  which  they  are  formed. 


A Gas  is  therefore  merely  a folid  body,  be- 
tween the  particles'of  which  repulfion  is  eftab- 
fifhed  by  the  large  quantity  of  caloric  which  it 
contains.  In  the  modern  nomenclature,  the  name 
of  every  fubftance  exifting  in  this  form  is  deriv- 
ed from  its  folid  bafe,  and  the  term  Gas  is  ufed  to 
denote  its  exiftence  in  this  ftate.  Thus  Oxygen  \\ 
is  the  name  of  jhe  folid  bafe  or  gravitating  mat-  |c 
ter  of  one  of  thefe  bodies,  which  in  its  aerial  form, 
is  termed  Oxygen  Gas.  This  folid  bafe  cannot  be  j 
obtained  pure,  but  no  chemift  doubts  of  its  exift-K 
ence,  or  that  we  fhould  obtain  it,  could  W'^e  ab-Lj 
ftrad  from  the  gas,  caloric  to  a fufficient  degree,  L 
and  it,  as  well  as  the  folid  matter  of  the  other  gas-Lr 
cs,  exifts  in  a folid  ftate  in  many  of  the  combina-||||| 
tions  into  which  they  enter. 
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’ In  examining  the  difFerent  gases,  befides  the 
general  properties  of  rarity,  compreffibility,  and 
weight,  they  are  found  to  be  endowed  with  peculiar 
properties  by  which  each  is  diftinguiflied.  At- 
mofpheric  air,  for  example,  is  charadlerifed  by  its 
capability  of  fupporting  eombuftion  and  animal 
life,  by  its  fparing  folubility  in  water,  and  its  dif- 
folving  a portion  of  that  fluid.  It  is  eafy  to  con- 
ceive that  other  fubftances  may  exifl;  in  the  fame 
form,  poflefling  different  properties;  and  that  this 
is  the  cafe,  the  chemift  difcovers  in  examining 
the  elaftic  fluids  produced  in  his  operations.  He 
finds  one  in  which  eombuftion  is  much  more  vitiid 
than  in  atmofpheric  air ; another,  incapable  of 
fupporting  eombuftion,  but  itfelf  inflammable ; a 
third,  which  poflefles  neither  of  thefe  properties ; 
and  others  which  are  abforbed  by  water,  and 
which  poflefs  various  properties  by  which  they  are 
diftinguiftied  from  every  other. 

In  examining  the  gases,  with  regard  to  their 
compofition,  w’e  find  that  the  greater  number  of 
them  are  compound  bodies.  There  are  only  three 
of  them  which  are  Ample,  Oxygen,  Azof,  and  Hy- 
drogen, and  thefe  form  the  firft  order  of  Ample 
fubftances  wl;iich  we  have  to  confider. 


[ '9®  ] 


SeSl.  I. Oxygen  Gas. 

This  gas,  named  Oxygen,  from  its  property  of 
producing  acids,  formerly  known  by  the  names  of 
Vital  air,  Fire  air,  Dephlogifticated  air,  was  difcov- 
ered  nearly  about  the  fame  time  by  Scheele  and 
Prieftley.  It  exifts  no  where  pure  in  nature,  but 
abundantly  in  combination  with  other  bodies;  and 
it  is  from  fome  of  thefe  combinations,  into  which 
it  enters  as  a conftituent  part,  that  it  is  obtained. 
If  a quantity  of  the  native  mineral  produdion, 
termed  the  black  oxyd  of  Manganefe,  be  expofed 
in  an  iron  veffel  to  a red  heat,  a large  quantity  of 
oxygen  is  feparated  from  it,  and  pafles  off  in  the 
llate  of  gas ; or  it  any  quantity  of  it  be  mixed 
with  two  parts  and  a half  of  fulphuric  acid,  in  a 
glafs  retort,  the  oxygen  is  expelled  by  the  appli- 
cation of  the  moderate  heat  of  a lamp.  It  is  alfo 
obtained  from  many  other  fubftances,  of  which  it 
is  a component  part,  by  the  application  of  heat,* 
as  from  nitre,  red  lead,  or  red  oxyd  of  mer- 
cury ; and  it  is  yielded  in  conliderable  quantity 
by  growing  vegetables  expofed  to  the  adion  of 
light. 


Oxygen 
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Oxygen  gas  is  deftitute  of  fmell  or  tafte  ; is  ra- 
ther heavier  than  atmofphedc  air ; the  fpecific  gra- 
vity of  the  one  being  to  that  of  the  other  as  1 103 
to  1000.  It  is  abforbed  by  water,  but  in  very  in- 
confiderable  quantity  ; and  it  alfo  always  contains 
a portion  of  that  fluid. 

I 

- The  peculiar  properties  by,  which  oxygen  gas 
is  diftinguilhed  are  thofe  of  fupporting  combuftion 
and  animal  life  ; combuftion  is  much  more  vivid 
in  it  than  in  atmofphcric  air,  and  an  animal  lives 
longer  in  a certain  volume  of  the  one  than  in  an 
equal  quantity  of  the  other.  Oxygen  is  indeed 
the  only  gas  capable  of  fupporting  cither  procefs, 
atmofpheric  air,  or  any  other  gas,  doing  fo  merely 
from  the  quantity  of  oxygen  it  contains. 

Oxygen  has  a tendency  to  combination,  more 
extenfive,  perhaps,  than  any  other  Ample  fub- 
ftance.  It  combines  with  every  combuftible  bo- 
dy, and  with  all  the  metals ; it  forms  the  fourth 
part  of  atmofpheric  air  ; and  it  is  a principal  in- 
gredient in  by  far  the  greater  number  of  vegeta- 
ble and  animal  fubftances. 


[ 198  ] 


SeSL  II.  — — Azotic  Gas. 

Atmospheric  Air  contains  about  onc-fourth  of 
its  volume  of  oxygen  ; the  remaining  three-fourths 
confift  of  a peculiar  gas  termed  Azotic,  in  the  lan- 
guage of  the  new  nomenclature,  frbm  its  be- 

f 

ing  incapable  of  fupporting  animal  life.  Nitro- 
gen, a name  given  to  it  by  Chaptal,  is  more  un- 
exceptionable, but  the  other  is  eftabliftied  by 
common  ufage.  It  is  the  Phlogifticated  air  of 
Prieftley,  the  Foul  air  of  Scheele, 

This  gas  is  obtained  by  expofing  atmofphe- 
ric  air  to  fubftances  capable  of  abforbing  the  ox-, 
ygen  it  contains.  If  a quantity  of  it  in  a jar  be 
thus  expofed  to  a folution  of  the  fubftance  term- 
ed Sulphuret  of  Potalh,  the  volume  of  the  air  be- 
gins to  diminifh  from  the  abforption  of  the  oxy- 
gen, and  after  a certain  time  nothing  remains  but 
the  azotic  gas.  It  is  alfo  obtained  by  burning 
phofphorus,  or  any  of  the  metals  in  atmofpheric 
air,  thefe  attrading  the  oxygen  ; and  as  the  com- 
pounds which  they  form  exift  in  the  folid  form, 
the  azot  remains  pure  in  the  Hate  of  gas. 


This 
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This  gas  is  not  poflefled  of  any  remarkable  pro- 
perty capable  of  charJuSerizing  it ; it  is  principal- 
ly diftinguiflied  by  certain  negative  qualities,— by 
its  being  incapable  of  fupporting  combuftion 
and  animal  life,  by  being  uninflammable,  and  by 
not  being  abforbed  by  water,  or  at  leaft  in  very  in- 
confiderable  quantity.  The  peculiar  compounds 
which  it  forms  with  other  bodies,  afford  alfo  deci- 
five  proof  of  its  exiftence  as  a fubflance  diftind 
from  every  other. 

Azotic  gas  is  rather  lighter  than  atmofpheric 
air,  its  fpecific  gravity  being  as  985  to  1000.  It 
is  deftitute  of  tafle  and  fmell. 

Azot  enters  as  an  ingredient  into  many  com- 
pounds. It  conftitutes  three-fourths  of  the  at- 
mofpherc : it  combines  with  hydrogen  and  phof- 
phorus,  is  a component  part  of  all  animal  fub- 
flanecs,  and  communicates  to  them  their  mofl 
diftmdive  characters.  It  likewife  exifts  in  the  pro- 
duds  of  feveral  vegetables. 


Sea, 
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Sedl.  III. Hydrogen  Gas. 


This  Gas  was  difcovered  by  Mr.  Cavendifh^ 
and  named  Inflammable  Air,  from  its  inflammabi- 
lity : in  the  new  nomenclature  it  is  termed  Hy- 
drogen, as  being  the  bafis  of  water.  It  may  be 
fatd  to  exifl  in  nature,  as  it  is  often  collected  in 
the  roofs  of  caverns  and  mines,  being  known  to 
miners  by  the  name  of  Fire  Damp ; and  it  like- 
wife  probably  exifts  nearly  pure  in  the  higher  re- 
gions of  the  atmofphere.  For  chemical  purpof- 
es,  however,  it  is  always  obtained  by  artificial 
procefles.  It  is  a component  part  of  water, 
that  fluid  being  a compound  of  it  with  oxy- 
gen; when,  therefore,  water  is  dccompofed  by 
any  fubftance  capable  of  attracting  its  oxygen, 
hydrogen  gas  is  difengaged.  Thus  if  water  be 
paflTed  over  iron  or  zinc  filings  heated  to  ig- 
nition, fuch  a decompofifion  takes  place,  and 
hydrogen  is  produced  in  abundance.  Or,  what 
is  an  eafier  procefs,  if  2f  parts  of  water,  to  which 
one  part  of  fulphuric  acid  has  been  added,  be 
poured  upon  one  part  of  either  of  thefe  metals,  an 
cffervefcence  is  immediately  produced  from  the 
copious  extrication  of  hydrogen  ; the  acid  ena- 
bling 
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bling  the  metal  to  decompofc  the  water  even  at 
a low  temperature. 

Hydrogen  gas  is  peculiarly  diftinguifhed  by  its 
great  levity  and  inflammability.  It  is  the  light- 
en fubftance  whofe  weight  we  are  able  to  eflim- 
ate.  When  in  its  pureft  ftate,  and  free  from 
moifture,  it  is  about  13  times  lighter  than  at-^ 
mofpheric  air.  It  burns  rapidly  when  kindled  in 
contad  with  atmofpheric  air,  and  it  explodes 
inftantaneoufly  when  it  is  previoufly  intimately 
mixed  with  a portion  of  that  air  or  of  oxygen  gas. 
It  is  incapable  of  fupporting  combuftion  or  ani- 
mal life,  though  it  is  not  immediately  deleterious, 
as  the  greater  number  of  the  unrefpirablc  gas- 
es are.  It  is  not  injurious  to  growing  vegeta- 
bles. 

Water  abforbs  a fmall  portion,  about  i-T^th 
of  its  bulk,  of  hydrogen,  and  the  gas  itfelf  always 
contains  a confiderable  quantity  of  that  fluid.— 
This  water  adds  both  to  its  bulk  and  fpecific  gra- 
vity. When  faturated  with  it,  it  occupies  about 
I -8th  more  fpace  than  when  free  from  it ; and  it 
is  only  lo,  inflead  of  1 3 times  lighter  than  at- 
mofpheric air. 
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Hydrogen  combines  with  many  other  bodies. 
United  with  oxygen,  it  forms  water  ; with  azot, 
ammonia.  It  is  capable  of  diflblving  carbon,  ful- 
phur,  phofphorus,  and  feveral  of  the  metals ; and 
it  is  a principal  ingredient  in  all  the  vegetable  and 
animal  produdls. 


Se6l.  IV. Atmospheric  Air. 


The  Atmofphere,  or  that  mafs  of  invifible  elaf- 
tic  fluid  which  furrounds  the  earth,  may  be  re- 
garded as  a collection  of  all  thofe  fubftances  which 
are  capable  of  exifting  in  the  aerial  form,  at  the 
medium  temperature  of  the  globe,  and  which  are 
conftantly  difengaged,  more  or  lefs  abundantly, 
at  the  furface  of  the  earth.  Thefe,  mixed  with 
the  various  fubftances  which  they  can  hold  in  fo- 
lution,  with  the  water  conftantly  evaporating,  with 
the  different  effluvia  of  animals  and  vegetables, 
with  particles  of  coarfer  matter  finely  divided, 
and  with  the  magnetic  and  eledric  fluids,  light, 
and  caloric,  form  a mixture,  the  compofition  of 
which  it  is  apparently  impoflible  to  determine 
with  accuracy. 


Chemiftry 
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Chemiftry  has  difcovered,  however,  that  in  this 
mafs  there  exifts  an  elaftic  fluid,  of  nearly  uni- 
form coinpofition,  with  which  the  other  fubftan- 
ces  are  merely  mingled.  Thefe  are  never  in  any 
confiderable  proportion,  and  are  even  feldom^  dif- 
cernible  by  the  niceft  chemical  tefts  .;  they  are 
only  occafionally  produced,  and  are  very  quickly 
removed  by  various  natural  procefles,  by  which 
the  purity  of  the  atmofphere  is  preferved. 

The  elaftic  fluid,  which  forms  the  great  body 
of  at  leaft  the  inferior  ftrata  of  the -atmofphere,  is 
compofed  of  oxygen  and  azotic  gases,  in  the  pro- 
portion by  weight  of  29  or  28  parts  of  the  former 
to  72  of  the  latter,  or  by  meafure,  of  25  to  75. 
Hydrogen  gas,  however,  in  a ftate  of  greater  or 
lefs  purity,  is  very  abundantly  produced  at  the 
furface  of  the  earth  by  the  decompofition  of  ani- 
mal and  vegetable  fubftances ; and  as,  from  its 
greater  levity,  it  does  not  remain  near  the  furface, 
by  which  it  might  be  abftradled  by  thofe  procefs- 
es  by  which  feveral  of  the  other  gases  are  remov- 
ed, it  muft  form  part  of  the  atmofpheric  mafs. 
There  is  reafon  to  believe,  that  it  forn^s  the  fu- 
perior  ftrata  of  the  atmofphere,  an4  that  it  is  on 

its 
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its  prefence  that  feveral  of  the  phenomena  of 
Meteorology  depend. 

The  other  fluid,  however,  that  which  compofes 
the  inferior  part  of  the  atmofphere,  is  that  only 
which  we  have  it  in  our  power  to  examine ; and 
it  is  to  this  mixture  of  oxygen  and  atot  that  the 
term  Atmofpheric  air  is  exclufively  applied.  Its 
compofition  has  been  found  nearly  uniform  at  the 
greatell  heigh tg  which  have  been  reached. 

We  are  indebted  to  Scheele  for  the  difeovery 
of  the  compofition  of  atmofpheric  air.  He  ob- 
ferved,  that  in  procefles  in  which  it  was  expofed 
to  the  a<fl:ion  of  certain  fubitances,  it  fuffered  a di- 
minution of  volume  ; and  that,  at  the  fame  time, 
it  was  rendered  incapable  of  fupporting  combuf- 
tion,  and,  when  infpired,  proved  fpeedily  fatal  to 
life.  He  had  previoufly  made  the  difeovery  of 
oxygen  gas,  and  obferved  its  properties  of  ena- 
bling inflammable  bodies  to  burn  with  great  fplen- 
dour,  and  of  fupporting  animal  life  much  longer 
than  atmofpheric  air.  When  he  found,  therefore, 
that  in  thefe  proceflTes  by  which  atmofpheric  air  is 
diminiflied,  the  quantity  wdiich  remains  is  incap- 
able of  fuftaining  combuftipn  or  animal  life,  he 
concluded  that  this  change  was  owing  to  the  ab- 
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llraclion  of  oxygen  from  it,  and  that  it  is  a com- 
pound of  this  gas,  and  of  the  remaining  unrefpir- 
able  gas,  which  he  termed  Foul  or  Corrupted  air, 
and  which  is  the  azotic  gas  of  modern  chemifls. 
This  conclufion  he  confirmed,  by  adding  to  this 
gas  a fourth  part  of  oxygen,  when  a compound, 
having  all  the  properties  of  atmofpheric  air,  was 
formed.  Lavoifier  foon  after  made  the  fame  dif- 
covery,  and  eftablifiied  it  by  a variety  of  experi- 
ments. He  proved  it  in  particular  more  clear- 
ly by  fhewing,  that  in  thofe  procelTes  in  which 
atmofpheric  air  fuffers  this  diminution  of  volume 
and  change  of  properties,  oxygen  is  abforbed  by 
the  body  by  which  the  change  is  etfedled,  and 
can  frequently  be  recovered  from  it  in  a pure 
Hate. 

It  is  ftill  a fubjedl  of  difpute  among  cheraifls, 
whether  the  oxygen  and  azot  exifting  in  the  at- 
mofphere  are  in  a ftate  of  chemical  combination, 
or  of  mere  mechanical  mixture.  That  they  are 
combined,  is  fuppofed  to  be  proved  by  their  not 
feparating  in  the  atmofphere,  or  even  when  kept 
free  from  agitation,  though  of  different  fpeeific 
gravities.  The  difference,  however,  is  very  in- 
confiderable  : there  are  various  caufes  conftantly 
afting  on  the  whole  mafs,  and  agitating  the  diffe- 
rent 
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rent  .parts,  which  muft  in  a confiderable  degree 
counteract  the  tendency  to  reparation  ; and  after 
all,  it  feems  certain  that  fuch  a reparation  does 
take  place.  It  has  been  arcertained  by  Sauflure 
and  Van  Hambcldt,  authorities  on  this  rubjeCt 
fuperior  to  any  other,  that  the  air  in  the  higher 
regions  contains  lers  oxygen  than  it  does  in  the 
inferior  flrata  ; and  it  is  in  particular  affirmed  by 
the  latter  philofopher,  that  this  difference  is  great- 
er than  any  that  is  to  be  found  in  different  places 
at  the  furface  of  the  earth.  It  is  evident,  that 
fuch  a reparation  could  not  take  place,  were 
there  gases  cncmically  combined. 

It  is  belides  to  be  remarked,  that  in  the  cir** 
circumftances  of  the  mixture  of  thefe  airs,  or  in 
the  properties  of  the  refulting  mafs,  there  is  no- 
thing to  favour  the  fuppolition  that  they  enter  in- 
to combination.  They  mix  together  in  every 
proportion,  and  no  new  properties  are  acquired, 
thole  of  the  atmofpheric  air  (that  of  the  fpecific 
gravity  excepted,  according  to  fome  chemifts,) 
be.ug  merely  the  mean  of  thole  of  the  oxygen 
and  azotic  gases.  Yet  when  'placed  under  cer- 
tain circumdances,  by  which  the  exertion  of  che- 
mical attradion  is  promoted,  they  unite  in  de- 
terminate 
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terminate  proportions,  and  form  compounds  pof- 
fefling  properties  very  different  from  thofe  of  their 
component  parts. 

Perhaps  that  chemical  attradlion  which  fub- 
lifts  between  the  folid  bafes  of  thefe  gafes, 
but  which,  when  they  are  merely  mixed  to.r 
gether,  cannot,  from  the  diilance  at  which  their 
particles  are  placed  by  the  repulfive  power  of  ca- 
loric, bring  them  into  intimate  union,  may  ftiil  be 
fo  far  exerted  as  to  prevent  their  reparation  : or 
they  may  be  retained  in  mixture  by  that  force  of 
adhefion  which,  exerted  at  the  furfaces  of  many 
bodies,  retains  them  in  contact  with  confiderable 
force.  This  latter  fuppofition  feems  to  be  favour- 
ed by  the  facts  which  Dr.  Prieftley  obferved,  that 
even  thofe  gases  between  which  no  chemical  at- 
tradtion  feems,  under  any  circumllances,  to  be  ex- 
erted, do  not  feparate  when  mixed,  though  of  ve- 
ry different  fpecific  gravities.  Either  of  thefe 
caufes,  joined  to  the  inconfiderable  difference  in 
the  fpecific  gravities  of  oxygen  and  azot,  and  af- 
fifted  by  the  agitation  which  the  atmofpheric  mafs 
conflantly  fuffers  in  all  its  parts,  from  winds  and 
currents,  from  eledtrical  difcharges,  and  from  the 
afcent  of  the  heated  air  from  the  furface  of  the 
earth,  may  preferve  them  mixed  in  nearly  an  u- 
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i]:form  proportion,  without  fuppofing  them  to  be 
in  that  ftate  which  can  properlj'  be  termed  che- 
mical combination. 


The  meafurement  of  the  quantity  of  oxygen 
eoiitalned  in  the  atmofpheric  air,  or  indeed  in  a- 
ny  gas  in  which  it  is  merely  mixed,  is  termed 
diomftry,  and  the  inftrument  by  which  it  is  per- 
formed, the  Eudiometer t It  confifts  merely  in  add- 
ing to  the  air  feme  fubftance  capable  of  combin- 
ing witli  thi*  oxygen  ; and  from  the  diminution  of 
volume  which  the  air  fufiers,  the  quantity  of  oxy- 
gen it  contains  is  determined. 


j 
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( 
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Difrcrent  fubftances  have  he^ii  ufed  for  this  ^ 
purpofe,  each  in  the  opinion  of  forae  chemifts  pof-  ^ 
felling  advantages  over  the  others.  The  ivate-  ^ 
ry  folution  of  fulphuret  of  potalh,  employed  by  ' 
Scheele,  completely  abfti  a61s  the  oxygen ; but  it  ^ 
is  flow  in  its  operation,  and  does  not  immediately 
indicate  when  the  procefs  is  finifhed.  The  dry  ful- 
phuret of  potalh  aflifted  by  heat,  is  liable  to  the  ^ 

1 

latter  objection,  and  is  a method  not  ealily  execut- 
cd.  Hydrogen  mixed  in  ?.  determinate  proportion  ^ 
with  the  air,  and  fired  by  the  elcdric  fpark,  forms  ® 
the  Eudiometer  of  Volta ; but  it  requires  a com- 
plicated  apparatus,  and  is  liable  to  error  from  the 

hydrogen 
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hydrogen  not  being-  uniform  in  quality.  Nitrous^ 
Gas,  added  to  arty  air  containing  oxygen  mixed) 
with  it,  immediately  abftradts  it,  and  Ihews  the 
quantity  by  the  diminution  of  volunle  it  occa- 
lions ; but  the  refult  cannot  be  depended  on 
from  the  varying  quality  of  the  nitrous  gas,  and 
from  the  extent  of  diminution  which  it  occafions 
being  influenced  by  various  minute  circumftancesi 
The  flow  combuftion  of  Phofpborus  over  water, 

; affords  perhaps  the  befl:  Eudiometer;  it  entirely 
labftrads  the  oxygen,  and  it  indicates  when  the 
iprocefs  is  finiflied,  by  no  longer  appearing  lumin-- 
cous  in  the  dark,  or  by  the  difappearance  of  a white- 
ccloud  with  which  it  appears  in  day-light  to  be 
Ifurrounded.  It  is  only  necefi'ary  to.  make  allow- 
:anccforan  increafe  of  volume  in  the  remaining  a-^ 
not,  of  one-fortieth  part,  from  part  of  the  phofphor- 
;us  being  diflblved  in  it,  by  which  its  bulk  is  fo  fat 
augmented. 

Eudiometry  is  of  little  utility  in  afeertaining , 
‘the  purity  of  air,  confidered  with  refpedl  to  its  fa* 
hutary  or  noxious  power  on  life.  The  air  of  pla- 
[:es  the  mofl;  unhealthy  has  been  found  to  afford 
15  much  oxygen  as  that  of  others  of  the  oppofitc 
.:haracler:  the  noxious  air,  in  different  fituations 
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or  feafons,  depending  not  fo  much  on  deficiency 
ot  oxygen,  as  on  the  prefence  of  effluvia,  or  other 
impregnations  not  to  be  difcovered  by  this  teft. 
Sometimes,  however,  a vitiated  ftate  of  the  at- 
mofphere  is  pointed  out  by  thefe  means ; and 
the  method  itfelf  of  indicating  the  quantity  of 
oxygen  in  any  air,  is  of  much  ufe  in  chemical  ex- 
periments on  the  gases. 

Befides  thefe  two  gases  of  which  atmofpheric 
air  confifts,  thereis  a fmall  portion  of  another, 
Carbonic  acid,  always  prefent  in  it.  The  propor- 
tion of  it  is  about  i part  in  the  loo,  and  it  has 
been  found  at  the  greateft  heights  which  have 
been  reached. 

Atmofpheric  air,  like  the  other  gases,  is  tranf- 
paVent,  compreffible,  and  permanently  elaftic : 
its  fpecific  gravity  is  to  that  of  water  as  830  to  i. 
It  is  inodorous  and  infipid,  is  breathed  by  animals, 
is  neceflary  for  vegetation,  aud  indifpenfibly  re- 
quifite  for  the  fupport  of  combuftion  and  animal 


This  air  is  abforbed  by  water,  though  in  in- 
, confiderable  quantity  : the’greater  part  of  it  may 
be  expelled  by  boiling  the  water,  or  by  removing 
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the  atmofpheric  preflhre,  by  means  of  the  air 
pump. 

Atmofpheric  air  can  alio  dilTolve  a quantity  of 
water,  more  or  lefs  according  to  its  temperature. 
Hence  a conftant  evaporation  is  going  on  at  the 
furface  of  the  earth,  which  is  again  depofited  in 
the  form  of  dew,  fnow,  or  rain.  This  forms  what 
is  termed  Spontaneous  Evaporation,  a procefs  of 
the  firft  importance  in  the  economy  of  nature. 

Some  philofophers  have  called  in  queftion  this 
folvent  power  of  atmofpheric  air,  with  refpedl  to 
water,  and  have  afcribed  fpontaneous  evaporation 
to  the  mere  operation  of  caloric,  principally  from 
obferving,  that  even  in  the  exhaufted  receiver  of 
the  air  pump,  water  evaporates  at  a medium  tem- 
perature. But  it  is  a very  erroneous  conclufion, 
that  under  the  atmofpheric  prelTure  it  will  eva- 
porate at  the  fame  temperature.  There  un- 
doubtedly exifts  an  attradion  between  air  and 
water,  lince  the  latter  always  contains  a portion 
of  the  former ; the  reverfe  mull  therefore  equally 
take  place  ; and  the  exertion  of  this  attradion  in 
fpontaneous  evaporation,  feems  clearly  proved  by 
the  fads,  that  more  water  is  evaporated  in  a denfe 
than  in  a rare  atraofphere,  and  that  even  ice  di- 
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diminflhes  in  weight  when  placed  in  air  whofe 
temperature  is  below  32°.  All  the  phenomena  of 
fpontapeous  evaporation  likewife  accord  with  the 
fuppolition  that  it  is  a cafe  of  chemical  folution. 

The-^antity  of  water  diifolved  by  the  atmo- 
fpheric  air,  is  greater  as  the  temperature  is  high. 
'Dr.  Htftton  has  fuppofed,  that  the  folvent  power 
of-the  air  increafes  in  a greater  ratio,  than  the 
temperature  is  augmented ; and  from  this  hypo- 
thefis  has  deduced  an  ingenious  explanation  of  the 
produdlion  of  rain. 

■It  is  difficult  to  obtain  air  perfedlly  dry : for  this 
, purpofe  it  is  neceffary  to  expofe,it  to  fubftances 
which  have  a ftrong.attradion  to  water.  Its,ftate 
with  refpedl:  to  moifture  is -ffiewn  by  the  inftru- 
ment  termed  the  Hygrometer. 

Atmpfph eric  air  is  an=  important  agent  in  many 
chemical  procefles.  It  isneceflary  to  fupport  com- 
buftion,  and  it  is  equally  indifpenlible  to  animal 
life.  It  influences' the ‘procefs  of  cryftallization 
■by  its  preflTurc,  and  by  its  chemical  adlion  it  flow- 
ly  effedls  changes  in  the  greater  number  of  fub- 
flances  which  can  be  expofed  to  it. 


CHAP. 
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COMBINATION  OF  THE.  SIMPLE  GASES  WITH 
EACH  OTHER. 


Se6l.  I. Azot  with  Hydrogen. 

ALKALIS. 

THE>combination  of  azot  v/ith  hydrogen  forms  a 
compound  termed  Ammonia.  This  is  one  of 
three  fubftances  which,  as  they  poflefs  a number 
of  common  properties,  have  been  always  arrang- 
ed together  under  the  name  of  Alkalis.  The  re- 
maining two,  Potafh  and  Soda,  have  hot  been  com- 
pletely analyfed : their  analogy,  however,  with  am- 
monia, renders  it  extremely  probable  that  they  are 
compounds ; and  it  has  lately  even  been  fuppofed 
that  their  compofition  has  been  difeovered  j that 
potafh,  is ,a  compound  of  lime  and  hydrogen,  and 
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foda  a compound  of  hydrogen  and  magnefia. 
This,  however,  has  not  been  proved  by  any  con- 
clufive  experiments ; but  as  there  is  fo  much  pro- 
bability in  the  fuppolirion  that,  thefe  fubftances 
are  compounds,  and  as  they  refemble  ammonia  in 
fo  many  properties,  they  may  be  confidered  in  this 
part  of  our  work. 

The  following  are  the  general  properties  of  al- 
kalis. They  imprefs  an  acrid  tafte  on  the  tongue ; 
they  inflame  and  even  corrode  the  Ikin,  and  dif- 
folvc  animal  matter  ; they  change  the  blue  or  red 
colours  of  vegetables  to  a green ; they  have  a 
ftrcng  attradlion  to  water  ; they  unite  with  oils  or 
animal  fats  forming  foap ; and  they  combine  with 
another  clafs  of  compound  bodies  termed  acids, 
forming  new  compounds  in  \vhich  both  the  acid  i 
and  alkaline  properties  are  loft. 


AMMONIA.  ' 

When  hydrogen  and  azotic  gases  are  mixed 
together,  they  exert  no  mutual  ailion,  the  gafe- 
ous  form  being  an  effedlual  obftacle  to  their  uni- 
,r^on.  Thejcompofition  of  ammonia,  the  compound 

\vhich  jrefults  from  their  combination,  was  thcre- 
^ fore 
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fore  difcovered  only  by  its  decompofition,  and  by 
its  produdion  in  certain  chemical  proceffes  in 
which  thefe  gases  are  concerned.  Dr.  Prieftley 
obferved,  that  on  fiibjedling  ammonia  in  the  Hate 
of  gas  to  the  adlion  of  the  eledlric  fpark,  its  vo- 
lume is  increafed,  it  is  no  longer  abforbable  by 
water,  and  becomes  highly  inflammable ; a li- 
milar  change  he  found  to  be  produced  in  it,  by 
palling  it  through  an  ignited  earthen  tube ; and  he 
farther  found,  that  when  the  ammonia  was  heat- 
ed with  a metallic  oxyd,  the  metal  was  deprived 
of  its  oxygen,  and  a gas  was  produced,  polTeffing 
all  the  properties  of  azot.  Scheele  likewife  ob- 
ferved this  lafl;  fadl,  and  Bergman  hazarded  from 
it  the  conjedlure,  that  ammonia  is  a compound  of 
azot  and  hydrogen,  a conjedure  which  Berthollet 
confirmed  by  a variety  of  experiments  in  which 
ammonia  was  decompofed.  It  was  afterwards  ef- 
tablilhed  by  fynthefis,  ammonia  being  formed  by 
prefenting  the  two  gafes  to  each  other  in  their 
nafeent  ftate, — in  other  words,  at  the  moment  in 
which  they  are  difengaged  from  a chemical  com- 
bination in  which  they  exifted,  and  before  they 
fully  afllime  the  gafeous  form.  The  folution  of 
tin  in  diluted  nitric  acid  affords  an  example  of  this 
kind  ; the  tin  attrads  the  oxygen  of  the  acid,  as 
well  as  the  oxygen  of  the  water,  and  the  azot  of 

the 


AUfMONjA. 

tl^c  former  and  hydrogen  of  the  latter  being  dif- 
engaged,  unite  and  form  ammonia. 

Br.  Auftin  from  fynthetic  experiments,  flates- 
the  proportion  of  azot  and  hydrogen,  as  exifting  in 
ammonia,  at  I2i  of  the  former  to  32  of  the  lat- 
ter. Berthollet,  fiom  his  analyfis  of  it,  dates  them 
at  121  to  29,,  with  which  the  late  experiments  of 
Mr  Davy  nearly  agree,  thefe  making  100  parts 
of  ammonia  to  conlift  of  80  of  azot  and  20  of 
hydrogen. 

Ammonia  is'  afforded  in  great  quantity  by  the 
decompolition  of  animal  fubllances,  by  heat,  or 
putrefadion  ; the  azot  or  hydrogen  they  contain 
being  difengaged  and  combining  together.  It  is^ 
alio  yielded  by  fome  vegetables. 


The  produdion  of  it  from  animal  fubftances  is 
the  fource  whence  the  ammonia,  ufed  for  chemical 
purpofes,  is,  obtained.  It  is  at  firft  impure,  but  is 
freed  from  the  animal  matter  adhering  to  it,  by 
combining  it  with  an  acid.  In  this  manner  the 
muriat  of  ammonia,  or  fal  ammoniac,  which  is 
ufed  in  large  quantity  in  the  arts,  is  prepared ; 
and  from  this  pure  ammonia  is  obtained.  One 
part  of  this  fait,  the  muriat  of  ammonia,  is  mixed 

with 
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with  two  parts  of  newly  flaked  lime,  in  a retort, 
and  a moderate  heat  applied.  The  lime  attradls 
the  muriatic  acid  of  the  muriat  of  ammonia,  and 
the  ammonia  is  difengaged  in  rhe  ftate  of  gas, 
which  mud  be  received  in  jars  placed  over  mer- 
cury, and  filled  with  that  fluid. 

* 

Ammonia,  when  pure,  exifts  in  the  ftate  of 
permanent  gas ; it  is  the  lighteft  of  the  gases,  hy- 
drogen excepted,  its  fpecific  gravity  being  to 

that  of  atmofpheric  air  as  6oo  to  ico  < ; it  has  a 

% 

ftrong  pungent  fmell,  and  is  capable  of  inflaming 
the  Ikin.  It  proves  fatal  to  animal  life,  when  re- 
fpired  pure  ; is  incapable  of  fupporting  combuf- 
tion ; but  is  llightly  inflammable,  the  flame  of  a 
candle  being  enlarged  when  immerfed  in  it,  and 
when  mixed  with  oxygen  gas,  it  even  burns. 

Ammoniacal  gas  has  a ftrong  attradion  to  wa- 
ter, and  is  rapidly  abforbed  by  it,  in  very  conli- 
derable  quantity.  The  folution  has  the  ftrong 
pungent  fracll,  and  all  the  qualities  of  the  am- 
monia, and  was  formerly  confidered  by  chemifts 
as  the  alkali  in  its  pure  ftate  ; but  Dr.  Prieftley 
fliewed  that  it  is  only  a watery  folution  of  it.  It 
is  the  form,  however,  under  which  the  ammonia 
is  ufually  kept  and  ufed.  It  is- prepared  by  mix- 
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ing  five  parts  of  muriat  of  ammonia  with  twelve  of 
flaked  quick  lime,  and  adding  as  much  water  as  U 
fufEcient  to  moiften  them.  On  heat  being  applied 
to  the  retort,  the  ammoniacal  gas  is  difengaged, 
and  is  made  to  pafs  through  water,  placed  in  a 
feries  of  receivers,  by  which  it  is  abforbed.  This 
folution  is  termed  Water  of  Ammonia,  or  Liquid 
Volatile  Alkali,  from  the  tendency  of  the  am- 
monia to  pa£s  off  from  it  in  the  date  of  gas. 

Ammonia  exerts  no  a61ion  on  the  limple  gases. 
Its  combinations  with  other  chemical  agents  are 
afterwards  to  be  noticed.  Its  attradions  to  the  a- 
cids  are  inferior  to  thofe  of  the  other  alkalis.  . 


POTASH. 

This  fubftance  was  ufually  known  by  the 
name  of  Fixed  Vegetable  Alkali;  fixed,  in  con- 
tradiflindion  to  ammonia,  which  was  termed  Vola- 
tile Alkali ; and  vegetable,  as  being  derived  prin- 
cipally from  the  burning  of  vegetables.  In  an 
impure  date  it  forms  the  potadies  of  commerce  ; 
whence  the  name  Potajb,  received  into  the  new 
nomenclature,  is  derived.  It  would  have  been 
preferable,  perhaps,  to  have  given  it  the  termina- 
tion 


POTASH.  219 

tion  of  Potafla,  but  the  other  is  now  eflablifhed  in 
chemical  language. 

Potafh  is  obtained  by  burning  vegetables,  ef- 
pecially  the  woody  parts.  It  forms  the  principal 
part  of  the  allies  which  remain,  mixed,  however, 
with  fevcral  other  fubftances.  The  foluble  matter 
is  freed  from  the  other  impurities  by  folution  in 
water;  and  this  folution,  evaporated  to  drynefs, 
yields  the  potallies  of  commerce.  Thefe  conlift  of 
potalh  combined  with  carbonic  acid,  and  feveral 
neutral  falts.  A fecond  folution  of  them  is  made 
in  water,  and  the  greater  part  of  the  neutral  falts 
is  feparated  by  cryftallization ; the  carbonic  acid 
is  abdradled  by  quick  lime,  and  a folution  of  pot- 
alh remains,  which  may  be  evaporated  to  dry- 
nefs. This  potalh,  however,  is  Hill  impure.  To 
obtain  it  in  a Hate  of  purity,  it  is  dilTolved  in  al- 
kohol,  wh  ch  leaves  the  other  faline  matters  mixed 
with  it  undiflblved,  and  the  .folution  is  evaporated 
to  drynefs  in  a cup  of  lilver  or  tin. 

Potalh,  thus  purified,  is  a folid  fubllance  of  a 
white  colour,  cryllallizable  from  its  faturated  fo- 
lution  in  alkohol  or  water  ; it  is  extremely  cauf- 
tic,  changes  the  vegetable  colours  to  a green, 
and  has  fo  llrong  an  attradlion  to  water  as  to 
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take  it  from  almofl  every  other  fubftance,  and  to 
abforb  from  the  atmofphere,  in  a very  Ihort  time, 
a fufficient  quantity  to  render  it  fluid.  It  is  fufi- 
ble  at  a moderate  temperature,  but  can  fcarcely 
be  volatilifed  by  the  moll  intenfe  heat.  It  com- 
bines with  oils  and  fats,  forming  a perfedt  foap  ; 
fufed  with  filiceous  earth  it  forms  glafs,  and  with 
-a  larger  proportion  of  alkali,  a fubftance  foluble 
in  water.  It  combines  with  all  the  acids,  and 
has  in  general  a ftronger  attradion  to  them  than 
either  of  the  other  alkalis  has.  It  alfo  unites  with 
many  other  fubftances,  as  fulphur,  pho’fphorus, 
and  others,  forming  combinations  afterwards  to  be 
noticed.  It  does  not  ad  on  any  of  the  Ample  gas- 
e«. 

« 

The  proper  analyfls  of  potafh,  it  has  been  re- 
marked, has  not  been  completely  effeded ; but 
there  are  a number  of  fads  which  appear  to  prove 
its  compofition.  Thus  it  has  been  afcertained  by 
experiment,  that  it  is  formed  in  what  are  termed 
nitre  beds,  or  collodions  of  the  materials  from 
which  nitre  is  formed,  though  in  none  of  thefe  it 
could  have  pre-exifled.  It  is  even  probable,  that 
in  the  procefs  by  which  it  is  ufually  obtained,  the 
incineration  of  vegetables,  it  is  at  lead  partly  form- 
ed. From  fads  of  an  analytic  kind,  it  has  late- 
ly 
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ly  been  concluded,  that  it  is  formed  of  lime  and 
hydrogen,  lime  having  been  produced  under  cir- 
cumftances  where,  of  all  the  bodies  concerned, 
none  could  furnilh  it  but  the  potaih,  and  this  pro- 
duclion  of  lime  being  always  preceded  by  the 
combullion  and  difappearance  of  hydrogen.  O- 
tljers  have  inferred  from  analogy,  that  azat  is  the 
alkaline  principle,  as  it  is  the  principal  >conftituent 
of  ammonia. 


SODA. 

Soda,  the  third  alkali,  has  likewife  been  term- 
ed Fixed  Mineral  Alkali,  as  it  is  more  abundant 
than  either  of  the  others  in  the  mineral  kingdom. 
It  is  found  native  in  the  earth  or  on  its  furface, 
combined  with  carbonic  acid  j and  it  exifts  in  im- 
menfe  quantity  in  the  water  of  the  ocean,  com- 
mon fea  fait  being  a compound  of  it  with  muria- 
ttic  acid.  It  is  obtained  principally,  however, 
from  the  combullion  of  feveral  marine  plants,  the 
faline  matter  obtained  from  their  afhes  contain- 
'ing  this  alkali  combined  with  carbonic  acid.^  The 
pure  foda  is  obtained  by  the  fame  procefs  as  that 
i employed  for  the  purification  of  potafli. 
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Soda  when  perfedly  purified  is  in  a folid  white 
mafs,  which  is  capable  of  cryftallization  from  its 
folution  in  alkohol  or  water  : it  is  acrid  and  corro- 
livc,  has  a ftrong  attradion  for  water,  is  fufible  in 
a moderate  temperature,  melts  with  filiceous  earth 
forming  glafs,  unites  with  oils,  and  combines  with 
all  the  acids.  Its  properties  are  fo  very  fimilar 
to  thofe  of  potalh,  that  in  their  pure  ftate  it  is 
fcarcely  polfible  fo  difcriminate  between  them. 
They  are  eafily  diftinguilhed,  however,  by  their 
orders  of  attradlion,  and  by  the  compounds  which 
they  form.  Soda  has  in  general  a weaker  attrac~ 
tion  to  the  acids  than  potalh  has,  and  the  falts 
which  they  form  with  the  fame  bafes  are  very 
different  in  their  properties. 

i 

From  experiments  fimilar  to  thofe  from  w’^hich  ^ 
the  compofition  of  potafii  is  inferred,  it  is  fuppof-  ^ 
ed  that  foda  is  a compound  of  magnefia  and  hy- 
drogen, or,  according  to  others,  of  magnefia  and 
azot.  It  is  not  certain  whether  the  foda  is  form-  , 
ed  during  the  burning  of  thofe  fea  plants  from  ^ 
which  it  is  obtained,  or  whether  it  pre-exifts  in 
them  in  the  ftate  of  muriat  of  foda,  or  of  fome  o-  ^ 
ther  combination. 


Both 
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Both  foda  and  potafh  exift  as  condituent  prin- 
ciples of  leveral  imneral  fubftances. 

I 


Se6l.  II Combinations  of  Oxygen  in  general. 

The  attradlive  power  of  oxygen  towards  other 
bodies  is  more  extenfive  than  that  of  any  other 
I chemical  agent,  and  the  hiftory  of  its  combinations 
I forms  the  moft  important  part  of  chemical  fci- 
lence.  Thefe  combinations  are  very  generally  at- 
I tended  with  the  emiffion  of  light  and  caloric, — in 
(Other  words,  with  the  phenomena  of  combuftion  : 
lit  is  therefore  neceflary  to  take  a general  view  of 
tthis  important  procefs,  before  proceeding  to  the 
(confideration  of  its  particular  products. 

The  phenomena  of  combuftion,  and  the  dif- 
tinftion  of  bodies  into  combuftible  or  inflammable, 
and  incombuftible  or  uninflammable,  are  fuflicicnt- 
ly  familiar.  The  latter,  when  expofed  to  heat,  have 
their  temperature  railed,  and  that  in  proportion  to 
the  degree  of  heat  applied  to  them ; but  wlien- 
:2verthis  communication  of  caloric,  from  an  exter- 
lal  fource,  is  ftopt,  their  temperature  falls,  and 
they  return  to  their  former  ftate.  Combuftible 

bodies, 
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bodies,  on  the  contrary,  when  heated  to  a certain 
extent,  begin  to  fuffer  a very  evident  change,  — 
they  beconie  much  hotter  than  the  furrounding 
bodies,  emit  light  rriore  or  lefs  copioully,  and  ap- 
pear to  be  confumed,  or  rather  are  converted  into 
fubdances  altogether  new,  and  which  frequently 
are  not  apparent  to  the  fenfes.  It  is  this  rapid 
emiffion  of  light  and  caloric,  and  this  change  of 
properties,  and  apparent  lofs  of  fubftances,  which 
conftitute  the  procefs  of  combuflion. 

V 

Beecher  advanced  the  fir  ft  rational  chemical 
hypothefis  to  account  for  thefe  phenomena ; he  i 
aferibed  them  to  the  motion  of  a peculiar  princi-  ( 
pie,  the  inflammable  earth,  which  he  fuppofed  all 
inflamm.able  bodies  to  contain.  Stahl,  refining  on 
this  fyftem,  admitted  with  Beecher  the  cxittence 
of  a common  principle  in  inflammable  bodies,  to 
which  be  aferibed  their  inflammability  : but  this 
principle,  which  he  termed  Phlogifton,  he  fuppofed  jj 
not  to  be  an  earth,  but  fire,  or  the  matter  of  heat  ^ 
and  light.  In  combuftion  he  fuppofed  it  to  be 
difengaged,  and  hence  explained  the  phenomena 
attending  that  procefs,  and  the  change  of  pro-  ^ 
perties  in  the  bodies  fubjedled  to  it.  This  hypo- 
thefis  appearing  to  aflord  a fatisfaclory  explana-  j. 
tion  of  a number  of  chemical  phenomena,  was 

univcrfally 
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univerfally  adopted,  nor  for  a conliderable  period, 
was  any  doubt  entertained  of  its  truth. 

In  framing  this  hypothefis,  Stahl  paid  no  at- 
tention to  the  influence  of  the  air  in  combuftion, 
which  before  his  time  had  been  demonftrated,  and 
;the  nature  of  it  in  fome  degree  afcertained,  by 
the  experiments  of  Mayow  and  Boyle.  So  far, 
therefore,  it  was  defedlive,  as  it  gave  no  explana- 
:tion  of  the  neceflity  of  the  prefence  of  the  air 
;for  the  fupport  of  that  procefs.  It  had  further 
Ibeen  afcertained,  that  fome  bodies,  inftead  of  lof- 
;ing,  gain  weight  by  combuftion  — a fa£t  inexpli- 
, cable  on  the  Stahlian  dodlrine,  fince  it  fuppofed 
rthat  in  that  procefs  a principle  was  merely  difen- 
;gaged  from  the  combuftible  body. 

Various  attempts  were  made  to  folve  thefe  dif- 
ficulties, but  with  little  fuccefs ; and  the  difcove- 
ries  which  were  foon  after  made  of  the  nature  and 
agency  of  the  gases,  pointed  out  ftill  more  clearly 
the  deficiency  of  the  original  dodlrine.  It  was  ob- 
ferved,  that  combuftion  was  more  vivid  in  oxygen 
gas  y and  it  was  Ihewn  by  different  chemifts,  that 
when  it  is  carried  on  in  atmofpheric  air,  the  weight 
and  volume  of  the  air  are  diminifhed  to  a certain 
extent,  and  it  is  no  longer  capable  of  fupporting 
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that  procefs,  changes  which  were  like  wife  proved 
to  be  owing  to  the  confumption  of  oxygen.  Thefe 
fadts  led  to  a new  fyftem.  While  the  greater 
number  of  chemifts  laboured  to  reconcile  them 
with  the  hypothetical  ideas  of  Stahl,  and  for 
that  purpofe  propofed  many  modifications  of  his 
dodlrine,  Lavoiiier  at  once  rejeded  it,  denied 
the  exiflence  of  Phlogifton,  and  aferibed  the  phe- 
nomena of  combuftion  to  the  combination  of  oxy- 
gen with  the  inflammable  body.  By  this  com- 
bination, the  changes  it  fuffers  in  properties  and 
in  weight,  as  well  as  the  correfponding  changes 
in  the  air,  were  accounted  for : and  as  the  doc- 
trine of  latent  heat  had  been  previoufly  eftablifhed, 
the  evolution  of  caloric  was  thus  alfo  explained. 

According  to  this  dodrine,  then,  inflammables 
are  merely  fubflances,  having  an  attradion  to 
oxygen,  and  which,  at  a certain  temperature,  are 
difpofed  to  combine  with  it ; Combuftion  is  this 
combination  ; the  produd  of  that  procefs  is  the 
% compound  which  refults  from  it;  and  the  evolu- 
tion of  caloric  which  accompanies  it,  is  not  from  the 
inflammable  body,  but  from  the  oxygen  gas. 

The  firft  principle  of  this  theory,  that  com- 
buftion is  the  combination  of  oxygen  with  the 

combuftibic 
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combufUble  body,  is  proved  by  the  following  ge* 
neral  fadts ; ill,  Combuftion  cannot  go  on  with- 
out the  prefence  of  oxygen  ; and  is  more  rapid  in 
proportion  to  the  quantity  of  oxygen  in  contadl 
with  the  inflammable  body.  2dly,  In  every  cafe 
of  combuftion,  ,the  oxygen  prefent  is  confumed. 
3dly,  The  increafe  of  weight  which  every  com- 
buftible  body  gains  in  burning,  correfponds  exadl- 
ly  to  the  weight  of  the  quantity  of  oxygen  gas 
which  difappears : and,  4thly,  The  quantity  ot 
oxygen  abforbed  by  the  combuftible  body,  may 
always  be  recovered  from  the  compound  that  has 
been  formed,  and  its  weight  is  equal  to  the  weight 
of  the  quantity  which  had  difappeared  during  the 
combuftion.  Thefe  fadls  have  been  eftablifhed  by 
the  moft  accurate  ^periments ; they  are  true  with- 
out limitation  or  exception,  and  their  force  in  efta- 
bliftiing  the  conclufion  that  comb uftionis  the  com- 
bination of  oxygen  with  combuftible  bodies,  can- 
not be  eluded  but  by  the  moft  extravagant  and 
unfounded  fuppofitions. 

From  this  principle,  refpedling  the  nature  of 
the  procefs  termed  Combuftion,  it  remains  to  ex- 
plain the  phenomena  which  attend  it,  the  princi- 
pal of  which  is  the  evolution  of  light  and  cal- 
oric. 

By 
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Bj  the  older  chemids  it  was  univerfally  fnp- 
pofed,  that  the  caloric  proceeded  from  the  in- 
flammable body  5 and  this  is  indeed  an  opinion 
which  muft  appear  unqueftionable,  while  the  na- 
ture of  combuftion  is  not  perfcdlly  underftood. 
The  burning  body  appears  luminous  and  feels  in- 
tenfely  hot;  and  as  no  other  agent  appears  to  be 
concerned,  the  concluiion  feems  unavoidable,  that 
it  is  from  it  that  the  light  and  heat  are  evolved. 
But  when  the  nature  of  the  influence  of  the  air 
in  combuftion  is  underftood,  w^hen  it  is  proved 
that  in  that  procefs  oxygen  combines  with  the 
combuftible  body,  it  is  obvious  that  this  conclu- 
fion  no  longer  neceflanly  follows,  fince  w;here  two 
fubftances  combine,  if  light  and  caloric  are  evolv- 
ed, it  is  a priori  equally  probable  that  they  may 
proceed  from  the  one  or  from  the  other.  Whe- 
ther they  proceed  from  the  oxygen  gas  or  the 
combuftible  body,  they  muft  be  feparated  at  the 
part  where  the  combination  takes  place,  that  is, 
upon  the  furface  of  the  burning  matter  itfelf ; and 
confequently  it  will  appear  luminous  and  heated, 
while  the  gas  being  invifible  efcapcs  obfervation. 
When  it  is  further  afcertained,  that  bodies  in  the 
aeriform  ftate  contain  in  equal  weights,  and  at 
the  fame  temperature,  quantities  of  caloric  much 
greater  than  folids  or  fluids  do,  the  concluCon  be- 


comes 


COMBUSTION.  229 

comes  probable,  that  the  caloric  evolved  in  com- 
builion  proceeds  rather  from  the  oxygen  gas 
than  from  the  combuftible  matter,  fmce  the -for- 
mer contains  a much  larger  quantity  of  tiiis 
power  than  the  latter.  This  is  accordingly  the 
explanation  that  was  firfh  given  in  the  modern 
fylfcm,  of  the  origin  of  the  caloric  evolved  in  corn- 
bullion.  The  greater  number  of  combullible  bo- 
. dies  exilt  in  the  folid  or  fluid  Hate,  and^  the  com- 
ipound  formed  by  the  combuflion  iikewife  gener- 
ally exifts  in  one  of  thefe  forms ; the  caloric  ex- 
itricated  was  therefore  fuppofed  to  be  derived  from 
ithe  condenfation  bf  the  oxygen  gas  in  the  new 
^combination  into  which  it  enters. 

Though  approaching  to  the  truth,  this  expla- 

mation  is  not  flridly  true.  It  is  not  merely  from 

$ 

rthe  oxygen  gas  being  condenfed  that  the  caloric 
:is  evolved,  becaufe  in  many  cafes  of  combuibon 
the  producl  ftill  exifts  in  the  gafeous  form,  and 
becaufe  the  quantity  of  caloric  evolved  in  difler- 
'cnt  cafes,  bears  no  proportion  to  the  degree  of 
■ condenfation.  Dr.  Crawford,  confidering  this 
ifubjedl  under  a more  extenfive  point  of  view,  de- 

I 

:termined  by  numerous  experiments,  that  the  evo- 
lution of  caloric  which  attends  combuftion,  is  ow- 
ing to  change  of  capacity.  He  found  that  the 
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capacity  of  oxygen  gas  is  much  greater  than  the 
capacities  of  combuftible  bodies ; he  iikewife  af- 
certained  that  the  capacity  of  the  compound  re- 
fulting  from  the  combuftion,  is  always  much  lefs 
than  that  of  the  oxygen  gas,  while  it  is  almoft  in- 
variably greater  than  the  capacity  of  the  combuf- 
tible body,  though  (till  inferior  to  the  mean  of  the 
capacities  of  the  two ; it  is  therefore  evident,  that 
caloric  mujl  be  rendered  fenfible  during  combuf- 
tion,  and  that  it  is  from  the  oxygen  gas  that  it 
mull  be  evolved.  In  different  bodies  the  differ- 
ence in  the  proportion  of  the  capacities  before 
and  after  combuftion  is  by  no  means  uniform ; 
and  hence  the  difference  in  the  quantities  of  ca- 
loric extricated  in  various  cafes  of  combination,  a 
difference  augmented  by  the  variations  in  the  de- 
gree of  rapidity  with  which  oxygen  and  the  dif- 
ferent combuftible  bodies  combine. 


Some  chemifts  have  given  a different  reprefen 
tation  of  this  fubjedt.  They  fuppofe  that  oxygen 
gas  is  a chemical  compound  of  oxygen  and  cal- 
oric ; that  in  combuftion  the  oxygen  is  attradled 
by  the  inflammable  body,  and  that  by  this  fu 
perior  affinity,  the  caloric  is  difengaged.  “ At  a 
“ certain  degree  of  temperature,”  fays  Lavoifier 
“ oxygen  poffeffes  a ftronger  eledive  attradlioi 
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“ or  affinity  for  phofphorus,  than  for  caloric  ; 
“ and  in  confequence  of  this,  phofphorus  attradls 
“ the  bafe  of  oxygen  gas  from  the  caloric,  which, 
“ being  fet  free,  fpreads  itfelf  over  the  furround- 
“ ing  bodies.”  He  gives  a fimilar  explanation 
of  every  other  cafe  of  combuftion. 

It  is  not  difficult  to  determine  which  of  thefe 
explanations,  or  rather  which  of  thefe  modes  of 
expreffing  the  fame  explanation,  is  preferable. 
Unlefs  the  experiments  of  Crawford,  proving 
that  a diminution  of  capacity  takes  place,  when 
oxygen  combines  with  inflammable  bodies,  are  in- 
validated ; or  unlefs  it  is  fhewn,  that  the  diffe- 
rence in  the  quantities  of  caloric  contained  in 
different  bodies,  which  is  expreffcd  by  faying, 
that  they  have  different  capacities,  is  owing  to 
that  part  of  the  caloric  contained  in  each  above 
that  contained  in  the  others,  being  chemically 
combined  with  it,  it  muft  be  evident,  that  the 
language  which  fuppofes  fuch  a combination  in- 
volves an  hypothefls,  and  is  confequently  unphi- 
lofophical,  while  the  other  is  ftridlly  inferred  from 
the  phenomena,  and,  as  Dr.  Crawford  remarks,  it 
is  equally  adapted  to  explain  them,  whatever 
opinion  may  be  held  refpeding  the  nature  of  cal- 
oric, or  its  mode  of  exiftence. 


It 


COMBUSTION. 


232 

It  remains  to  explain  the  origin  of  the  light  e- 
mitted-cluring  combuftion.  While  it  was  believ- 
ed that  light  and  caloric  were  elTentially  the  fame, 
the  fame  origin  was  neceflarily  affigned  to  both  : 
in  the  ancient  fyftem,  they  were  fuppofed  to  pro- 
ceed fiom  the  inflammable  body;  in  the  more 
modern  theories  they  have  been  derived  from  the 
oxygen  gas.  But  as  this  opinion,  with  regard  to 
the  identity  of  thefe  two  agents,  is  unfound- 
ed, it  is  ftill  neceflTary  to  enquire  whence  the 
light  is  derived  ; for  it  is  evident,  that  from 
the  fad  that  the  caloric  is  difengaged  from  the 
oxygen  gas,  we  cannot  infer,  that  the  light  mufl: 
have  the  fame  origin. 


Lavoifier,  though  he  inclined  to  the  opinion 
that  light  is  a component  part  of  oxygen  gas,  and 
that  it  is  from  the  decompofition  of  this  gas  that 
it  appears  during  combuftion,  did  not  confider  it 
as  fully  eftablhhed.  Fourcroy  fuppofes  it  to  be 
demonftrated  by  the  following  fads,  w'hich  o- 
ther  chemifts  have  likewife  urged  in  fupport  of  the 
fame  opinion.  “ Combuftible  bodies  afford  much 
“ more  flame  when  they  burn  in  oxygen  gas  alone, 
“ than  in  atmofpheric  air  : there  are  combuftible 
“ bodies  which  do  not  burn  with  flame,  except  in 
“ oxygen  gas : to  difengage  the  oxygen  from  bo- 
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‘‘  dies  which  contain  it,  and  convert  it  into  oxy- 
gen  gas,  it  is  not  fnfficient  to  dillblve  it  in  a 
“ greater  or  lefs  quantity  of  caloric,  but  it  is  ne- 
“ ceflary  at  the  fame  time  to  add  light : and  laft- 
‘‘  ly,  there  are  burnt  bodies  which  lofc  their  oxy- 
“ gen  on  the  eontadt  of  light  alone.”^ 

Thefe  fadls  prove  nothing,  and  it  is  fingular 
that  they  fhould  have  been  conlidered  as  of  any 
weight.  With  refpe6t  to  the  two  firft,  it  is  obvi- 
ous, as  combuftion  is  more  rapid  in  oxygen 
gas  than  in  atmofpheric  air,  that,  from  what- 
ever fource  the  light  may  be  derived,  a great- 
er quantity  mull  be  evolved  in  a given  time.  And 
with  refpect  to  the  two  laft,  it  is  equally  evident 
that  they  are  explained,  as  well  by  the  fuppofi- 
tion  that  light  has  an  attradion  to  the  bafe  of  the 
inflammable  body,  as  to  the  bafe  of  the  oxygen 
gas  ; nor  are  the  fadls  themfelves  more  in  favour 
of  the  one  fuppofition  than  of  the  other. 

Although  there  is  no  decifive  proof  that  light 
is  a conftituent  principle  of  inflammable  fubftan- 
ces,  there  are  various  confiderations  which  render 
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it  probable.  It  is  frequently  evolved  in  combina-* 
tions  of  oxygen,  where  the  oxygen  is  merely  tranf- 
ferred  from  one  inflammable  fubftance  to  another : 
but  in  fuch  cafes  it  is  highly  probable  that  it  muft 
proceed  from  the  inflammable  body  ; fince,  even 
fuppofing  it  to  be  a component  principle  of  oxy- 
gen gas,  it  mufl  have  been  evolved  in  the  combi- 
nation of  the  oxygen  with  the  body  from  which, 
in  thefe  cafes,  that  principle  is  transferred.  . The 
oxydation  of  certain  metals,  by  heating  them  with 
other  oxyds,  as  with  oxyd  of  mercury,  and  the 
deflagrations  excited  by  the  adlion  of.  fulphuric, 
nitric,  and  oxygenated  muriatic  acids,  upon  in- 
flammable bodies,  afford  examples  of  this  kind. 
Other  experiments  have  been  made,  apparently 
flill  more  decifivc,  in  which  light  was  evolved, 
when  the  filings  of  different  metals  were  heated 
with  fulphur  in  vacuo,  or  under  mercury,  when  of 
courfe  no  oxygen  was  prefent  to  afford  it.  Thefe 
indeed  have  been  objedled  to,  on  the  fuppofition 
that  water  was  prefent  in  the  materials,  from 
which  oxygen  might  be  derived.  But,  granting 
this  fuppofition,  which  feems,  however,  not  to  be 
eflablifhed,  it  does  not  invalidate  the  argument, 
that  the  light  muft  have  proceeded  from  the  in- 
flammable body  ; fince,  fuppofing  light  to  exift  in 
oxygen  gas,  ftill  it  muft  have  been  evolved  in  the 
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cx)mbuftion  of  hydrogen,  by  which  water  is  form- 
ed ; and  of  courfe  could  not  exift  in  that  water, 
or  in  either  of  its  principles. 

It  feems  probable,  therefore,  that  the  light  ex- 
tricated in  combullion,  is  derived  from  the  in- 
flammable fubftance  ; the  oxygen  combining 
with  the  bafes  of  thefe  fubftances,  and  difengag- 
ing  the  light  by  a fuperior  affinity.  It  is  poffible 
that  part  of  it  may  alfo  be  derived  from  the  oxy- 
gen gas  ; but  it  is  evidently  unneceflTary  to  fup~ 
pofs  fo,  where  the  fuppofition  is  fupported  by  no 
fad:. 

It  may  be  concluded,  then,  that  inflammable 
bodies  are  compounds,  confifting  of  light  united 
with  unknown  bafes ; but  as  we  are  unable  to 
feparate  the  light,  fo  as  to  obtain  thefe  bodies  pure, 
it  is  unneceflary  to  arrange  thefe  fubftances  as 
compounds.  This  opinion  was  firft  maintained 
by  Macquer,  and  has  been  revived  by  Gren. 
Some  have  affeded  to  confider  it  as  a modifica- 
tion of  the  dodrine  of  Stahl,  light  being  fubfti- 
tuted  for  phlogifton.  But  this  is  a mere  verbal 
conceit,  which  could  have  originated  only  from 
prejudice  in  favour  of  that  hypothefis. 
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Befides  the  fimplc  cafe  of  the  combination  of 
oxygen  with  other  bodies,  which  conditutes  com- 
buftion,  there  are  fome  others  more  complicated, 
in  which,  after  being  combined  with  one  body, 
it  is  transferred  to  another. 

Deflagration  is  a cafe  of  this  kind.  When  a 
quantity  of  nitre,  or  nitrat  of  potafh,  is  mixed  with 
an  inflammable  body,  and  expofed  to  a red  heat, 
a vivid  combuftion  is  immediately  excited.  This 
is  termed  Deflagration.  The  general  explana- 
tion of  it  is  fufficiently  evident.  Nitre  confifts  of 
potafh  and  nitric  acid,  the  latter  being  a com- 
pound of  oxygen  and  azot.  The  nitre,  therefore, 
contains  a large  quantity  of  oxygen,  which  exifts 
in  it  in  a date  of  combination  fo  W’eak,  that  it  is 
feparated  by  expofure  to  heat ; it  is  therefore  eafi- 
ly  transferred  to  the  inflammable  body,  and  hence 
the  vivid  combudion  that  is  excited.  Any  other 
fait,  containing  the  nitric  or  oxygenated  muria- 
tic acid,  produces  the  fame  effed. 

There  is  a difficulty  in  explaining  the  origin 
of  the  quantity  of  caloric  rendered  fenfible  dur- 
ing deflagration.  The  oxygen  exids  in  the  lalts 
concerned  in  that  procefs  in  a concrete  date,  and 
^t  can  fcarcely  be  fuppofed  to  contain,  in  fuch  a 

date. 


COMBUSTION. 


237 

•ftate,  that  large  quantity  of  caloric  wnich  it  con- 
tains in  the  gafeous  form.  Whence  then  is  the 
caloric  which  is  extricated  derived  ? 

It  muft  firft  be  remarked,  that  the  quantity  of 
caloric  rendered  fenfible  during  deflagration  is 
proved,  by  the  experiments  of  Lavoifier  with  the 
calorimeter,  to  be  contideraoly  lefs  than  that  e- 
volved  from  the  confumption  of  the  fame  quanti- 
ty of  oxygen  by  combuftion.  Still  a large  quan- 
tity is  evolved.  It  has  been  afcertained,  however, 
that  when  nitric  acid  is  formed  by  the  combina- 
tion of  oxygen  and  azot,  each  previoufly  exiftj  ng 
in  the  ftate  of  gas,  much  lefs  caloric  is  difengag- 
ed  than  in  other  combinations  of  oxygen  : it  is 
ahb  known,  that  when  this  acid  is  combined  with 
potafh  to  form  nitre,  a very  inconfiderable  quan- 
tity of  caloric  is  difcharged.  It  is  evident,  there- 
fore, that  a very  large  quantity  of  the  caloric  con- 
tained originally  in  the  oxygen  gas  remains  in 
the  nitre  ; and  this  will  account  for  the  quantity 
rendered  fenfible  in  deflagration. 

It  has  been  affirmed,  that  the  capacity  of  nitre 
for  caloric  is  not  great,  and  thgt  the  united  capa- 
cities of  nitre  and  charcoal,  are  inferior  to  the  u- 
nited  capacities, of  the  produds  of  the  deflagra- 
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tion  of  thefe  fubftances.  Were  this  accurately 
determined,  it  would  not  invalidate  the  above 
fads,  though  it  would  furnifli  a ftrong  argument 
in  favour  of  the  dodrine,  that  caloric  exifts  in 
a date  of  chemical  combination— a dodrine  which 
indeed  completely  folves  the  prefent  difficulty. 
But  the  fad  itfeif  has  not  perhaps  been  determin- 
ed w'ith  fufficient  accuracy  ; and  in  the  reafuning 

I 

founded  upon  it,  the  quantities  of  the  fubftances 
aded  on  in  deflagration  feem  to  have  been  ne- 
gleded,  a very  larg’e  quantity  of  nitre  being  ne- 
oeflTat  y for  the  complete  deflagration  of  a quanti- 
ty of  charcoal. 

The  origin  of  the  light  extricated  in  defla- 
gration muft  be  explained  in  the  fame  manner  as 
its  appearance  in  combuftion. 

From  the  quantity  of  azotic  gas  difengaged  in 
thofe  cafes  of  deflagration  in  which  nitrous  falts 
are  ufed,  if  the  materials  be  inclofed  in  a metallic 
tube,  previous  to  its  being  kindled,  a ftrong  ex- 
panfive  force  is  exerted,  and  an  explofion  takes 
place, ’which  is  ftill  greater  w'here  the  fubftance 
deflagrated  is  one  which,  when  combined  with 
oxygen,  produces  a compound  exifting  in  the 

gafeous  form.  This  is  termed  Detonation,  There 

are 
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are  fome  cafes  of  it,  in  which  fuch  a quantity  of 
heated  gas  is  fuddenly  extricated,  that  the  refin- 
ance even  of  the  Turn  unding  atmofphere  is  fuffici- 
ent  to  occalion  the  fame  phenomenon. 

The  laft  cafe  of  the  combinations  of  oxygen  is 
that  where  it  is  transferred  from  one  body  to  ano- 
ther, without  being  accompanied  by  the  pheno- 
mena of  combuftion.  Thus  all  the  acids  contain 
oxygen  : it  frequently  happens,  when  an  acid  is 
poured  upon  an  inflammable  body,  that  its  oxy- 
gen is  attrafted  by  the  latter,  and  the  other  com- 
ponent principle  of  the  acid  is  difengaged.  Wa- 
ter, which  is  a compound  of  oxygen  and  hydro- 
gen, is  often  decompofed  in  a fimilar  mariner. 

In  fuch  cafes,  the  extrication  of  caloric  which 
takes  place  is  much  lefs  confiderable  than  in  com- 
buftion, partly  from  the  oxygen  as  it  exifts  in 
the  acid  having  been  deprived  of  a large  portion 
of  its  caloric,  and  partly  from  the  abforption  of 
caloric  by  the  prodads  of  the  decompolition.  Nei- 
ther does  any  difengagement  of  light  attend  this 
procefs;  probably  becaufe  it  pafles  from  the  in- 
flammable body,  to  the  bale  with  whiuh  the  oxy- 
gen was  united  in  the  body  decompofed. 
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The  combination  of  oxygen  with  any  body  i? 
termed  in  general  its  Oxydation,  or  Oxygenation. 
When  the  compound  which  rcfults  has  a four 
tafte,  is  capable  of  reddening  the  vegetable  co- 
lours, and  of  combining  with  the  alkalis  and 
earth'i,  it  is  termed  an  Acid ; when  it  polTefles 
none  of  thefe  properties,  it  has  the  name  of  Oxyd. 
Oxyds  and  acids,  therefore,  are  two  orders  ol 
compounds  refulting  from  the  combinations  of 
oxygen.  In  general,  the  oxyd  is  the  produdt  of 
the  firft  degree  of  oxygenation,  or  of  that  com- 
bination in  which  the  body  is  united  with  a finall 
proportion  of  oxygen  ; while  a compound  of  an  a- 
cid  nature  is  produced  by  a higher  degree  of  oxy- 
genation. To  this,  however,  there  are  many  ex- 
ceptions. There  are  fubftances  which  are  incap- 
able of  being  acidified  ; they  are  either  only  cap- 
able of  uniting  with  oxygen  in  one  proportion,  and 
produce  an  oxyd,  or,  if  they  unite  with  it  in 
different  proportions,  the  produdls  are  always  oxyds 
difiinguiflied  by  different  properties.  There  are 
other  fubllances,  again,  which  form  acids,  even  in 
the  firll  degree  of  oxygenation ; at  leaft,  their 
exiftence  in  the  ftate  of  oxyd  has  not  been  une- 
quivocally proved.  But  in  all  thofe  fubfiances 
which,  by  combining  with  oxygen  in  different 
proportions,  produce  both  oxyds  and  acids,  the 
„ oxyd 
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oxyd  is  invariably  the  produdl  of  the  firft  degree, 
of  oxygenation,  and  the  acid  refults  from  the  ad-i 
dition  of  a larger  proportion  of  oxygen.  ^ 

The  order  of  oxyds  is  diftinguilhed  by  no  com- 
mon properties,  extjept,  perhaps,  the  general  one, 
of  combining  with  greater  facility  with  a larg- 
er proportion  of  oxygen.  The  term  was  introduc- 
ed merely  as  a convenient  one  to  denote  thofe 
compounds,  the  products  of  oxygemation,  which 
have  no  acid  properties. 

AcidSy  on  the  contrary,  have  certain  common 
properties  by  which  they  are  diftinguilhed.  They 
are  four  to  the  tafte,  act  as  cauftics  on  animal 
matter,  have  a ftrong  attraction  to  water,  change 
the  vegetable  colours  to  a red,  oxydate  inflam- 
mable and  metallic  fubftances,  and  combine  with 
the  alkalis,  the  earths,  and  metallic  oxyds,  forming 
compounds  in  which  the  properties  of  the  acid,  or 
of  the  fubftance  with  which  it  is  united,  no  longer 
exift. 

The  fame  fubftance  is  in  feveral  inftances  cap- 
able of  uniting  with  two  proportions  of  oxygen, 
fo  as  to  form  two  acid  compounds,  different  in 
their  properties  from  each  other.  Thus  fulphur, 
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with  a certain  proportion  of  oxygen,  forms  an  a- 
cfid,  which  exifts  in  the  ftatc  of  gas ; and  with  a 
1 arger  proportion,  another  acid,  which  requires  a 
Arong  heat  to  volatilife  it:  and  in  like  manner  phof- 
phorus  and  azot,  by  different  degrees  of  oxygena- 
tion, form  different  acids.  In  the  new  nomen- 
clature, the  names  of  thefe  compounds  areexpreff- 
ed  with  much  perfpicuity.  The  name  of  the  acid  is 
always  derived  from  the  particular  fubftance  from 
which,  by  combination  with  oxygen,  it  is  formed'; 
and  the  difference  in  the  flate  of  the  acid,  from  the 
different  degree  of  oxygenation,  is  expreffed  by 
a variation  in  the  termination.  Thus  the  acid 
formed  from  fulphur  with  the  lefs  proportion  of 
oxygen,  is  termed  the  Sulphureous  acid;  that 
with  the  greater  proportion,  the  Sulphuric ; and 
in  like  manner  v^J'e  have  the  Phofphorous  and 
Phofphoric,  the  Nitrous  and  Nitric,  denoting  the 
different  acids  from  the  fame  bafe.  One  or  two 
acids  are  capable  of  combining  with  a ftill  larger 
proportion  of  oxygen,  W’hich  rather  impairs  than 
increafes  their  acid  properties.  To  denote  thefe 
acids  in  this  date,  the  term  Oxygenated  is  pre- 
fixed to  their  ufual  names. 

The  compounds  which  the  acids  form  wdth 
the  alkalis,  earths,  and  metallic  oxyds,  are  termed 
• * Neutral 
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Neutral  Salts.  They  are  in  general  foluble  in 

water,  are  capable  of  cryftallization,  and  have 
much  lefs  a61ivity  as  chemical  agents  than  the  a- 
cids  or  the  bafe  from  which  they  are  produced. 
The  nomenclature  of  thefe  falts  is  precife  and  fyf- 
tematic.  All  the  falts,  containing  the  fame  acid, 
are  conlidered  as  forming,  one  genus,  to  which  as 
many  fpecies  belong  as  there  are  falts  formed  by 
the  union  of  that  acid  with  ^kalis,  earths,  or 
metallic  oxyds.  The  generic  name  derived 

from  the  name  of  the  acid,  the  fpecific  name  from 

that  of  the  bafe  with  which  it  is  united.  Thus 
all  the  falts  formed  by  the  fulpb uric  acid  are  term- 
ed Sulphatb ; as  the  Sulptiat  of  Potafli,  of  Soda, 
of  Lime,  &c. ; and  the  fame  nomenclature  is  ex- 
tended to  the  othep.  The  names  of  the  falts 
formed  by  the  acids  with  a lefs  quantity  of  oxy- 
gen, are  exprefled  by  a variation  of  termination  ; 
thofe  containing  the  fulphureuus  acid  are  termed 
Sulphites ; and  in  like  manner  we  have  Nitrats 
and  Nitfites,  Phofphats  and  Phofphites,v  &-c. 
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Oxygen,  when  combined  with  any  fimple  in- 
flammable body,  not  metallic,  to  the  point  of  fa- 
turation,  forms  an  acid.  The  prefent  cafe  is  the 
only  exception:  oxygen  and  hydrogen  can  be 
combined  in  only  one  proportion,  and  water  is  in- 
variably the  refult  of  this  combination. 

i 

The  idea  of  the  compofition  of  water  feems  to 
have  occurred  about  the  fame  time  to  Mr  Watt 


and  Mr  Cavendifh ; the  former  inferring  it  from 
fome  experiments  in  which  it  was  decompofed ; 
the  latter,  from  finding  that  when  oxygen  and 


hydrogen  gases  are  fired  together,  water  is  the  1 1 
only  fenfible  product.  The  latter  experiment  I ^ 
was  foon  after  performed  on  a large  fcale,  with  I j 
the  greateft  accuracy  by  Lavoifier  and  the  French  I p 
chemifls,  with  the  fame  refult.  The  difcove-  I j. 

i I 

ry,  befides  its  intrinfic  importance,  derived 
an  adventitious  confequence  at  that  time,  from  H 
its  intimate  connedion  with  the  explanations  of  I j. 
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the  antiphlogiftic  fyftem,  which  were  then  warm- 
ly contefted  : it  was  therefore  reludlantly  admit- 
ted ; . and  there  were  certain  ambiguous  circum- 
ilances  in  the  experiments  by  which  it  was  efta- 
bliflied,  that  afforded,  in  fome  degree,  reafons  for 
doubt.  It  was  obferved  in  particular,  that  the 
water  produced  was  frequently  acid  ; hence  it  was 
concluded,  that  this  acid  was  the  real  produdl  of 
the  combination,  and  that  the  water  depofited 
was  only  the  quantity  held  in  folution  by  the 
gases.  The  origin  of  this  acid,  however,  was  fa- 
tisfadtorily  explained.  It  was  found  to  be  either 
carbonic  or  nitric  acid  ; — the  former  is  derived 
from  a fmall  quantity  of  carbon,  which  the  hydro- 
gen, when  prepared  from  certain  materials,  often 
contains;  the  latter  from  a portion  of  azot,  of 
which  it  is  extremely  difficult  to  obtain  oxygen 
entirely  free.  It  was  alfo  at.  onetime  affirmed,' 
that  the  quantity  of  water  produced  is  not  equal 
to  the  quantities  of  oxygen  and  hydrogen  confum- 
ed  ; but  the  contrary  has  been  eftabliffied  by  the 
moll  accurate  experiments  on  a large  fcale ; ex- 
periments which  obviate  every:  objection,  and 
leave  fcarcely  any  doubt  as  to  the  compofition  of 
water.  The  proportions  of  its  principles  ^ have 
been  flated  at  85  parts  by  weight  of  oxygen,  and 
15  of  hydrogen,  or  rather  85,662  to  14,338. 
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The  compofition  of  water  has  likewife  been 
eflabliflied  by  its  analyfis.  When  pafled  over 
iron,  zinc,  or  charcoal  heated  to  ignition,  its  oxy- 
gen is  attraded  by  any  of  thefe  fubftances,  and 
its  hydrogen  is  difengaged.  Even  at  a low  tem- 
perature, iron  or  zinc  can  decompofe  water  with 
rapidity,  when  its  attraction  to  oxygen  is  promot- 
ed by  the  dijpojing  affinity  of  an  acid. 


Water  has  alfo  been  decompofed  by  the  agen- 
cy of  eledricity,  If  an  interrupted  eledrical  dif- 
charge  be  made  to  pals  through  a quantity  of  the 
fluid,  it  is  refolved  into  oxygen  and  hydrogen  gas- 
es, and  the  mixture  of  thefe  may  be  inflamed  by 
the  eledric  fpark  fo  as  to  form  water.  Still  more 
lately  a decompofition  of  it  has  been  found  to  be 
cfleded  by  the  galvanic  influence,  difcharged  by 
the  pile  of  Volta,  fo  Angular  as  to  have  given  rife 
to  doubts  refpeding  its  compofltion.  If,  as  has 
been  formerly  remarked,  a wire  from  the  top,  and 
another  from  th^  bottom  of  the  pile,  be  inferted 
in  a tube  of  water,.fo  as  that  their  extremities  fliall 
be  diftant  one  or  two  inches,  a ftream  of  hydrogen 
is  emitted  from  the  one  wire,  and  of  oxygen  from 
the  other.  If  the  water  is  decompofed  at  thefe 
points,  what  becomes  of  the  oxygen  at  the 
one  point,  and  of  the  hydrogen  at  the  other  ? 

This 
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This  is  a queftion  not  eafily  anfwered.  It  has 
even  been  affirmed,  that  a given  quantity  of 
water  may  be  converted  entirely  into  oxygen, 
or  hydrogen,  according  as  it  is  connedled  with 
the  top  or  bottom  of  the  pile  ; and  it  has  been 
concluded,  that  the  effiibliffied  opinion  refpeding 
the  compolition  of  water  is  falfe.  Such  a conclu- 
lion,  however,  is  too  hafty,  while  we  remain  fo  lit- 
tle informed  as  to  the  nature  of  the  agency  of  this 
power,  and  are  unable  to  give  any  fadsfadfory  ex- 
planation whatever  of  its  effedls. 

The  general  properties  of  water  are  well  known. 
When  pure,  it  is  taftelefs,  inodorous,  colourlefs, 

: and  tranfparent.  Like  other  bodies,  it  owes  its 
I fluidity  to  the  operation  of  caloric,  ice  being  its 
imore  natural  ftate  ; by  the  farther  adtion  of  that 
1 power,  it  is  alfo  converted  into  vapour. 

As  a chemical  agent,  water  is  of  the  firfl;  im- 
iportance.  It  is  capable  of  combining  with  a very 
igreat  number  of  bodies ; few  indeed  are  altoge- 
ther' exempt  from  its  action.  It  abforbs  fmali 
quantities  of  the  Ample  gases,  and  is  alfo  dilTolvcd 
by  them,  and  retained  by  a force  of  attradlion  fo 
-great,  that  it  is  not  certain  if  they  can  be  entirely 
freed  from  it.  Of  thefe  gases  it  feems  to  have  the 
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ftrongeft  attradlion  to  oxygen  ; a circumftarice 
which  explains  feveral  chemical  and  natural,  phe- 
nomena. It  alfo  abforbs  a quantity  of  atmofphe- 
ric  air,  which  renders  it  fparkling,  and  caufes  it  to 
lit  lighter  on  the  ftomach.  Water  is  the  fol- 
vent  of  all  faline  bodies,  and  it  is  to  its  prefence 
that  they  owe  their  cryftalline  form.  It  is  like- 
wife  capable  of  dilTolving  earths  and  ftones  in 
greater  or  lefs  quantity,  and  llili  more  of  reducing 
them  by  attrition  to  a Hate  of  extreme  mechanical 
chvilion.-  It  exerts  a confiderable  action  on  the 
, metals,  affording  them  oxygen  llowly,  even  at  a 
natural  temperature.  Laftly,  it  is  the  folvent  of 
the  greater  number  of  the  animal  and  vegetable 
prndudfs,  and  by  communicating  fluidity  to  them, 
facilitates  their fpontaneous  decompofition.  Water, 
therefore,  from  its  extenfive  agency,  is  of  the  firft 
importance  in  the  economy  of  nature,  and  is  the 
immediate  inftrument  by  which  many  important 
operations  are  performed. 

From  the  great  folvent  power  of  water,  it  can 
never  be  obtained  perfedlly  pure,  but  by  art. 
Spring  water,  river  water,  &-c.  are  all  impregnat- 
ed with  Mine,  earthy,  and  even  metallic  bodies,  in 
quantities  more  or  lefs  confiderable,  according  to 
the  ftrata  over  which  the  water  has  run.  Rain 
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water  is  free  from  thefe  impregnations,  but  it  is  al- 
ways found  to  have  imbibed  a quantity  of  atmo- 
fpheric  -^ir,  or  of  carbonic  acid ; and  in  the  neigh- 
bourhood of  cities,  it  is  rendered  ftill  more  impure. 
Water  is  rendered  perfedlly  pure  by  diftillation  ; 
and  for  any  chemical  procefs,  in  which  much  ac- 
curacy is  requifite,  diftilled  water  mult  always  be 
employed. 


Sdi.  IV.  — Oxygen  with  Azot. 


Oxygen  and  Azot  mixed  together,  form  atmo- 
fpheric  air;  when  combined  in  various  proportions, 
they  form  not  lefs  than  four  compounds  : — Nitric 
Acid,  confiding  of  about  four  parts  of  oxygen  to 
one  bf  azot ; Nitrous  Acid  of  3 to  i ; Nitrous 
Gas  of  z to  I ; and  Nitrous  Oxyd  of  rather  lefs 
than  an  equal  part  of  oxygen. 
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The  acids  which  refult  from  the  combination 
of  oxygen  with  azot,  had  been  long  known  to 
chemifts,  but  their  chemical  compofition  was  un- 
* known  till  difcovered  by  Mr.  Cavendilh.  On 
taking  the  eledlric  fpark  for  fome  time  in  atmo- 
fpheric  air,  he  found  that  its  volume  was  diminilli- 
ed,  and  that  if  the  experiment  was  performed  o- 
ver  water,  it  became  fenfibly  acid.  On  examin- 
ing this  acid,  he  found  it  to  be  the  nitric  ; and 
therefore  concluded,  that  it  is  a compound  of  oxy- 
gen and  azot.  The  proportions  he  dates  at  72.2 
of  oxygen,  to  27.8  of  azot.  Lavoifier  fuppofes 
them  to  be  rather  79  to  20  ; while  Mr.  Davy  has 
lately  reduced  the  proportion  of  oxygen  fo  low  as 
70.5  of  oxygen,  to  2,9.5  of  azot.  The  acid,  how- 
ever, produced  in  Cavendilh’s,  and  perhaps  in 
Davy’s  experiments,  is  not  the  pure  nitric,  but 
the  nitrous,  which  contains  a lefs  proportion  of 
oxygen  than  the  other.  The  combination  of 
thefe  gases  with  each  other  is  fingular,  in  not  be- 
' ing  accompanied  with  the  emiffion  of  light,  and 
with  the  extrication  of  a very  inconliderable  quan- 
tity of  caloric. 
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The  compofition  of  nitric  acid  is  confirmed  by 
its  analyfis.  If  palled  through  an  ignited  glafs  or 
earthen  tube,  it  is  converted  into  oxygen  and  a- 
zotic  gases ; or  if  a6led  on  by  an  inflammable 
fubflance,  which  can  attract  its  oxygen,  it  is  con- 
verted into  nitrous  gas ; and  this,  by  a further 
abltradlion  of  oxygen,  is  converted  into  azot. 

Nitric  acid  cannot  be  produced  in  any  con- 
fiderable  quantity  by  the  diredt  combination  of  its 
principles ; chemifts,  therefore,  prepare  it  by  de- 
compofing  the  compound  of  it  with  potafli,  the 
nitrat  of  potafli,  or  nitre  of  commerce,  a fait 
v/hich  is  produced  in  great  abundance  in  warm 
climates,  either  fpontaneoufly,  or  by  the  aid  of 
artificial  arrangements.  Two  parts  of  this  fait  in 
coarfe  powder  are  put  into  a glafs  retort,  and  ra- 
ther more  than  one  part  of  a peculiar  acid,  the 
fulphuric,  is  poured  upon  it,  and  heat  applied. 
This  acid  exerts  a ftrong  attraction  to  potafli,  and 
combines  with  it,  and  the  nitric  acid  is  difengag- 
ed.  From  the  degree  of  heat  which  is  neceflary 
to  diftil  it  over,  and  from  the  influence  of  the 
difpofing  affinity  of  the  acid  itfelf  to  nitrous  gas, 
it  fuffers  a partial  decompofition,  part  of  its  oxy- 
gen is  feparated,  and  the  prodiidl  of  the  procefs  is 
not  nitric,  but  nitrous  acid.  But  this  is  eafily 

convei;ted 


NITRIC  ACID, 

converted  into  nitric,  by  expofing  it  to  a moderate 
heat  in  a water  bath,  by  which  the  nitrous  gas 
which  it  contains,  and  which  renders  it  red  and 

I 

fuming,  is  expelled. 

Nitric  acid  thus  obtained  is  a colourlcfs  tranf- 
parent  fluid,  poflefling  in  a very  eminent  degree 
all  the  general  properties  of  acids.  Its  fpecific 
gravity,  when  concentrated,  is  1 554 ; but  in  this 
Hate  it  ftill  contains  a quantity  of  water,  from 
which  it  cannot  be  entirely  freed,  even  by  freez- 
ing. Expofed  to  the  air,  it  emits  white  coloured 
fumes,  and  imbibes  moifture.  In  combining  wdth 
water  it  produces  heat  • poured  on  fnow  or  ice,  it 
melts  it,  and  produces  intenfe  cold.  It  is  partial- 
ly decompofed  by  a temperature  very  moderately 
incrcafed  ; and  by  the  temperature  of  ignition, 
is  converted  entirely  into  oxygen  and  azotic 
gases.  Light  likewife  decompofes  it  partially,  ex- 
pels part  of  its  oxygen,  and  renders  it  coloured 
and  fuming.  It  is  not  fenfibly  affedled  by  any  of 
the  Ample  gases.  ^ 

This  acid  unites  rapidly  with  the  alkalis,  and 
exerts  to  them  a ftrong  attradioii.  Its  attradlion 
is  ftvongefl:  to  potafh,  and  w'eakeft  to  ammonia. 
Thefe  combinations  form  an  order  of  neutral  lalts, 
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termed  Nitnits,  the  general  properties  of  which  are 
their  cool  penetrating  tafte,  their  affording  oxygen 
gas  by  expofure  to  heat,  emiting  red  fumes  when 
heated  with  fulphuric  acid,  and  deflagrating  with 
inflammable  bodies. 

ijl.  Nitrat.  of  Potash.  This  fait,  the  Nitre 
•or  Saltpetre  of  commerce,  is  producec^  by  na- 
ture in  abundance  in  warm  climates. . It  is  found  • 
1 mixed  with  the  foil  at  the  furface  of  the  earth, 
;and  is  feparated  from  its  impurities  by  folution  in 
w’ater  and  cryifallization.  In  colder  climates 
the  formation  of  it  is  aliifted  by  art.  Animal  and 
vegetable  matters  in  a flate  of  putrefadlion  are 
;mixed  wkh  old  mortar,  or  carbonat  of  lime,  and 
iformed  into  heaps,  which  are  covered  with  fheds 
'to  protedt  them  from  the  rain,  but  which  give  ac- 
cefs  to  the  air:;  after  feme  months,  thefe materials 
.are  wafhed  v/ith  water,  when  they  afford  the  com- 
pound falts,  which  confift  of  nitric  acid  with  pot- 
afli,  and  with  lime.  To  the  folution  a quantity 
of  potaih  is  added,  by  which  the  nitrat  of  lime  is 
decompofed,  and  the  nitrat  of  potafh  is  obtained 
pure  by  fucceflive  folutions  and  cryflallizations. 

The  circumftances  indifpenfible  for  this  forma- 
tion of  nitre,  are  the  prefence  of  animal  and  ve-. 
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getable  matter  mixed  with  lime,  a certain  degree 
of  moifture,  and  the  accefs  of  atmofpheric  air. 
During  the  procefs,  the  nitric  acid  is  formed.  By 
the  flow  decompofition  which  the  animal  matter 
undergoes,  azotic  gas  is  difengaged,  and  is  pre- 
fented  in  a nafcent  ftat'e  to  the  oxygen  of  the  at- 
mofphere,  whence  the  formation  of  the  acid  : the 
prefence  of  the  vegetable  matter  feems  ufeful  by 
moderating  the  putrefadlion,  and  perhaps  alfo  by 
furnifliing  a quantity  of  oxygen  with  which  the 
azot  combines ; the  lime  acts  probably  by  a dif- 
pofing  affinity,  promoting  the  combination  of  the 
oxygen  and  azot,  and  afterwards  attradling  the  a- 
cid  that  is  formed ; and  the  fuperiority  of  carbonat 
of  lime  to  the  earth  in  its  pure  (late,  or  to  the  al- 
kalis, a fa61;  which  has  been  afcertained  by  experi- 
ment, is  probably  owing  to  thefe  latter  fubftances, 
a(ding  too  rapidly  on  the  animal  matter,  combining 
with  part  of  it,  and  refolving  the  other  part  into 
ammonia  : laftly,  the  utility  of  moifture  may  be  ex- 
plained, from  its  abforbing  and  retaining  in  fome 
meafure  the  difengaged  gases,  and  dift'ufing  thro’ 
the  materials, the  nitrous  falts  when  they  are  form- 
ed. Experiments  render  it  probable,  that  in  this 
procefs  a quantity  of  potafti  is  alto  produced. 
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Nitrat  of  potalh,  according  to  Kirwan^  is  com- 
pofed  of  44  of  nitric  acid,  51.8  of  potafh,  and  4.2 
water  of  compofition.  It  cryftallizes  in  odohasdral 
prifmaticcryilals,  its  tafteis  cool  and  penetrating,  it 
is  foluble  in  7 parts  of  water  at  60°,  and  in  an  equal 
weight  of  boiling  water,  melts  on  the  application 
of  a moderate  heat,  and  by  a ftronger  heat  is  de- 
compofed,  its  acid  being  rcfolvcdinto  oxygen  and 
azotic  gases. 

Heated  with  inflammable  fubftances,  nitrat  of 
potafh  excites  a vivid  combuftion  or  deflagration, 
by  yielding  its  oxygen.  From  this  property  it  is 
applied  to  an  important  purpofe  in  the  compofl- 
tion  of  gunpovyder,  which  is  a mixture  of  it  with 
charcoal  and  fulphur.  When  an  ignited  particle 
is  introduced  into  this  mixture,  it  excites  a vivid 
combuftion,  which  is  rapidly  propagated  through 
the  whole  mafs ; and  large  quantities  of  azotic,  car- 
bonic acid,  and  fulphureous  acid  gases  with. aque- 
ous vapour  being  extricated,  theelafticity  of  which 
is  much  increafed  by  their  high  temperature,  a 
powerful  expanfive  force  is  produced.  A fimilar 
compofition  ftill  more  powerful,  is  the  pulms  ful- 
mindns,  com  pofed  of  nitrat  of  potafh,  carbonat  of 
potafh,  and  fulphur.  This,  when  merely  heated 
without  being  confined,  detonates  with  violence, 
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probabV  froin  the  rapid  produ^ion  of  iulphurat- 
ed  hydrogen,  which,  combining  with  the  oxygeti 
of  the  nitre,  inftantly  forms  fulphurcous  acid  gas 
and  aqueous  vapour,  the  felafticity  of  which  is  at 
the  fame  time  much  increafed  by  the  quantity 
caloric  fuddenly  extricated. 

2,  Nn  RAt  of  Soda.  This  fait,  not  being  fdlmd 
in  nature,  is  formed  artificially  by  tlie  combi na* 
tion  of  its  principles.  Its'  tafte  is  cool  and  pene- 
trating ; it  is  foluble  in  3 parts  of  water  at  60°, 
and  in  an  equal  weight  of  boiling  water  : it  ervf- 
tallizes  from  the  latter  folution,  its  cryftals  being 
of  a rhomboid al  figure.  It  is  fufed  and  decom- 
pofed  by  heat,  like  nitrat  of  potafh ; and,  like  it, 
it  deflagrates  with  inflammable  fiibftatiCes.  It 
confifts,  according  to^Kii wan,  of  53.21  of  acid-, 
40.58  of  foda,  and  6.21  W'ater  of  compofition. 

3.  Nitrat  of  Ammonia.  This  fait  is  likewife 
prepared  by  art.  It  has  a cool  bitter  tafte,  is  fo- 
luble in  2 parts  of  water  at  60,  and  in  half  its 
weight  of  boiling  water,  the  latter  folution  aflbrd- 
ing,  by  cooling,  prifmatic  cryftals,  Thefe  confift 
of  57  parts  of  acid,  23  of  ammonia,  andtio  of  wa- 
ter. They  are  flightly  deliquefeent.  Expofed 
to  heat,  they  undergo  the  watery  fufion.  When 

the 
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the  temperatu’-e  is  above  3C0  , the  fait  is  decom- 
pofed,  the  hydrogen  of  the  ammonia  attracts  part 
of  the*  oxygen  of  the  acid,  and  forms  water,  and 
the  remaining  oxygen  combines  with  the  axot  of 
the  acid  and  the  azot  of  the  alkali,  and  forms  a 
peculiar  compound,  termed  Nitrous  Oxyd,  or 
Gafeous  Oxyd  of  Axot.  W hen  the  temperature 
is  raifed  above  600®,  the  decompofition  is  more  ra- 
pid, accompanied  with  detonation,  from  the  fud- 
den  prodiiaion  of  aqueous  vapour  and  azotic 

gas. 

Nitric  acid  a61:s  with  violence  on  inflammable 
ifubftances,  and  is  decompofed  more  or  Icfs  com- 
pletely, by  the  greater  or  lefs  abftraaion  of  its 
I oxygen  by  the  inflammable  body.  It  likewife 
loxydates  and  diflblves  the  greater  number  of  the 
metals- 

KITR.OUS  ACID. 

Nitric  is  converted  into  Nitrous  Acid  by 
^whatever  abftradls  a portion  of  its  oxygen. 
The  common  mode  of  obtaining  this  latter  a- 
cid,  however,  is  merely  to  decompofe  the  nitrat 
of  potafh  by  fulphuric  acid,  with  the  aflillance  of 
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heat.  The  nitric  acid,  as  has  been  obferved,  fuf- 
fers  a partial  decompofition  during  the  procefs, 
and  hence  it  is  the  nitrous  which  is  obtained  by 
diftillation.  It  differs  from  the  nitric  in  being  of 
a yellow  or  orange  colour,  and  in  emiting  copious 
red  fumes.  It  is  highly  corrofive,  and  poffeffes  all 
the  acid  properties  in  an  eminent  degree.  It 
exifts  in  the  ftate  of  gas  y but  in  that  date  it  can- 
not be  properly  examined,  as  no  fubftance  can  be 
ufed  to  confine  it.  In  its  liquid  ftate,  in  which  it 
is  combined  with  a quantity  of  water,  its  fpecific 
gravity,  when  concentrated,  is  1580.  It  has  a 
ftrong  attradlion  to  water,  and  their  combination 
is  attended  with  an  increafe  of  temperature.  As 
a difengagement  of  nitrous  gas  attends  this  com- 
bination, it  feems  to  be  the  nitric,  not  the  nitrous 
acid,  that  unites  with  the  water. 

The  compofition  of  nitrous  acid  has  been 
varioufly  ftated.j  Cavendifti  concluded,  that  it 
confifts  of  more  than  ^ parts  of  oxygen  to  i of 
azot.  Lavoilier  dates  the  proportions  at  3 to  i ; 
and  more  lately,  Mr.  Davy  makes  the  proportions 
in  the  pale  yellow  acid  to  be  70.1  to  29.9,  and 
*in  the  deeper  orange  coloured,  69.6  to  30.3. 
There  feems,  indeed,  to  be  no  acid,  a compound 
of  oxygen  and  azot,  in  one  uniform  determinate 
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proportion,  different  from  the  nitric ; the  nitrous 
being  nothing  but  the  nitric,  holding  in  folution  a 
greater  or  lefs  quantity  of  nitrous  gas,  and  being 
more  or  lefs  coloured,  according  to  the  quantity 
it  contains. 

Nitrous  acid  a6ls  upon  inflammable  fubftances 
and  metals,  in  the  fame  manner  as  nitric,  oxydat- 
ing  them,  and  frequently  combining  with-  the  pro- 
du6l  of  this  oxydation.  It  combines  with  the 
alkalis,  forming  falts,  which,  according  to  the 
principles  of  the  new  nomenclature,  are  termed 
Nitrites.  Thefe  cannot  be  formed  by  adding 
the  acid  to  the  alkali,  the  nitric  acid  only  entering 
into  combination,  and  the  nitrous  gas  being  dif- 
engaged.  They  can  be  obtained  by  decompof- 
ing  partially  the  nitrats  by  a moderate  heat,  a 
fmall  quantity  of  oxygen  being  expelled,  and  the 
nitrous  acid  remaining  combined  with  the  bafe. 
Thefe  falts,  however,  are  rather  to  be  confidered 
as  compounds  of  nitric  acid  and  the  fubftances  with 
which  it  is  united,  to  which  a portion  of  nitrous 
gas  adheres;  and  this  gas  can  be  expelled  by  the 
addition  of  any  weak  acid.  In  their  properties 
they  are  very  fimilar  to  the  nitrats. 
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This  compound  of  oxygen  and  azot  has  a lefs 
proportion  of  oxygen  in  its  compofition  than  the 
former,  and  differs  from  them  in  having  no  acid 
properties.  It  exifts  in  the  ftate  of  permanent 
gas.  The  eafieft  mode  of  obtaining  it  is,  to  de- 
compofe  the  acid  by  means  of  a metal.  Upon 
one  part  of  copper  wire,  one  part  of  nitric  ^cid,  di- 
luted with  three  parts  of  water,  is  poured,  and  a 
very  gentle  heat  is  applied ; the  metal  attrads 
part  of  the  oxygen  of  the  nitric  acid,  and  the  pro- 
dud  is  nitrous  gas,  which  is  difeharged  with  effer- 
vefeence,  and  may  be  colleded  in  jars  placed  over 
water.  It  is  pe.marlently  elaftic  and  eolourlefs ; 
it  is  abforbed  by  water  in  very  inconiiderable 
quantity  ; it  does  not  redden  any  of  the  vegetable 
colours,  or  fliew  any  aCid  properties  ; its  fpecific 
gravity  is  to  that  of  atrhofpheric  air  as  irp  to 
loo.  It  is  fatal  to  animal' life,  and  proves  nearly 
as  noxious  to  vegetables.  It  is  likewife  incapable 
of  fupporting  com  bullion  in  general,  though  there 
are  fome  fubftances  which  burn  in  it  w;th  fplen- 
dour.  It  is  not  inflammable. 
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The  moft  ftriking  and  important  property  of 
this  gas,  is  the  facility  with  which  it  combines 
with  oxygen  gas.  If  atmofpheric  air  be  admitted, 
ired  fumes  immediately  appear  from  the  forma- 
tion of  nitrous  acid,  and  the  volume  of  the  air  di- 
minilhes,  from  the  combination  of  its  oxygen  with 
the  nitrous  gas ; when  oxygen  gas  is  admitted,  the 
diminution  of  volume  is  more  rapid,  and,  if  the 
itvvo  gases  are  pure,  there  is  no  reliduum. 

I bout  one  part  of  oxygen  is  neceflary  to  faturate 
parts  of  nitrous  gas.  During  this  com^-c 
'nation,  no  light  is  extricated,  and  very  little  ca- 
loric. 

« 

This  property  of  nitrous  gas  of  combining  with 
oxygen  gas,  at  natural  temperatures,  and  of  form- 
ing a compound  ealily  abforbed  by  water,  has 
been  applied  to  the  purpofe  of  eudiometry,  A 
given  quantity  of  the  gas  is  add^d  to  the  air,,  con- 
taining oxygen  ; — — the  diminution  of  volume 
produced,  is  meafured  by  a graduated  tube,  and 
the  quantity  of  oxygen  prefent  eftimated  from 
the  quantity  of  nitrous  gas  neceflary  to  be  added 
to  produce  the  full  diminution.  This  method, 
however,  though  Ample  in  the  management,  is  of 
all  others  the  moft  inaccurate,  the  refults  being 
influenced  by  various  minute  circumftaaces j as, 
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the  fize  of  the  veflels,  the  degree  of  agitation  em- 
ployed, and  the  time  during  which  they  are  al- 
lowed to  ftand,  and  the  nitrous  gas  itfelf  being 
always  mixed  with  a greater  or  lefs  proportion  of 
azot. 

Nitrous  gas  fcarcely  combines  with  either  of 
the  other  limple  gases ; mixed  with  hydrogen, 
it  caufes  it  to  burn  with  a green  flame.  Neither 
does  it  combine  with  ammonia,  or  with  the  fixed 
alkalis.  It  is  decompofed  by  a number  of  inflam. , 
mable  fubftances  which  abftrad  its  oxygen  parti- 
ally ®r  completely,  and  convert  it  into  nitrous  ox- 
yd  or  azot.  By  the  agency  of  the  eledric  fpark, 
it  is  changed  into  azot,  and  nitroii^  acid. 

« 

The  proportions  of  nitrous  gas  are  Hated  by 
Lavoifier  at  32  of  azot  and  68  of  oxygen ; by  Da- 
vy, at  44  and  56. 

NITROUS  OXYD,  — ^ GASEOUS  OXYD  OF  AZOT. 

The  compound  to  which  thefe  names  are  ap- 
plied, is  that  in  which  oxygen  is  combined  with 
azot  in  the  leafl:  proportion.  It  is  obtained  by  va- 
rious procefles  in  which  nitrous  gas  or  nitric  acid 

is 
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is  decompofed,  by  fubftances  capable  of  attrad:- 
iing  the  greater  part  of  their  oxygen.  It  is  thus 
produced  by  expohng  nitrous  gas  to  the  alkaline 
Tulphites  or  fulphurets,  to  muriat  of  tin,  fulphurat- 
cd  hydrogen,  or  hydrogen  in  its  nafcent  date; 
and  it  is  extricated,  mixed  with  azot,  and  with 
nitrous  gas,  during  the  folutions  of  zinc,  iron,  and 
other  metals,  in  nitric  acid.  The  moll  conveni-  ' 
ent  mode  of  obtaining  it  is  by  the  decompolition 
of  nitrat  of  ammonia  by  heat.  At  a temperature 
between  340°,  and  480°,  both  its  conftituent  prin- 
ciples are  decompofed ; the  azot  of  each  combines 
with  a portion  of  the  oxygen  of  the  acid,  'and 
forms  the  nitrous  oxyd;  the  hydrogen  of  the  am- 
monia combining  with  the  remaining  oxygen  of 
the  acid,  and  forming  water.  Mr.  Davy  has 
Ihewn,  that  this  is  the  only  procefs  by  w^hich  it  is 
obtained  pure  ; and  that  former  chemifts,  having 
obtained  it  by  other  procefles,  had  always  examin- 
ed it  in  an  impure  ftate. 

Nitrous  oxyd  exifts  in  the  form  of  permanent 
gas ; it  produces  no  change  in  the  vegetable 
colours,  and  fufters  no  diminution  of  volume  when 
mixed  with  oxygen  or  nitrous  gases.  It  is  abforb- 
ed  by  water,  the  water,  at  a mean  temperature, 
taking  up  about  half  its  bulk. 
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This  compound  does  not  diredly  combine 
with  the  alkalis,  or  their  folutions ; but  when  it  is 
prefented  to  them  in  their  nafcent  date,  the  com- 
bination is  cffeded.  Thefe  compounds  deflagrate 
when  heated  with  charcoal,  and  are  dccompofed 
by  the  acids,  the  nitrous  oxyd  being  difengaged. 

One  of  its  mod  diftinguifliing  properties  is  its 
capability  of  fupporting  combuftion.  Phofphorui 
burns  in  it  with  fplendour,  and  fulphur  with  a vi- 
' vid  rofe-coloured  flame.  • That  bodies  may  bum 
in  it,  it  is  neceflTary  that  their  temperature  ihould 
be  raifed  conliderably  higher  than  that  at  which 
their  combuftion  takes  place  in  oxygen*  gas  01* 

' atmofpheric  air. 

The  effedis  produced  on  the  animal  fyftem  by 
the  refpiration  of  this  gas,  are  of  the  moft  Angular 
kind,  and  eminently  diftinguifh  it  from  every  o- 
ther  chemical  agent.  It  had  always  been  fuppof- 
ed  to  be,  equally  with  the  other  compound  gases, 
noxious  to  life ; but  the  experiments  which  ap- 
peared to  fupport  this  opinion  were  made  with 
this  gas  in  an  impure  date.  Mr.  Davy,  by  ob- 
taining it  pure,  afeertained  that  it  could  be  breath- 
ed with  fafety  ; and  difeovered  the  Angular  efteds^ 
it  produces.  It  ads  as  the  mod  powerful  ftimu- 

lant, 


NITROtJS  OXYD.  2^5 

lant ; excites  every  fibre  to  adllon ; produces  a 
fenfe  of  thrilling  over  the  whole  body,  frequently 
accompanied  with  fenfations  of  the  higheft  plea- 
fure  ; and  roufes  the  faculties  of  the  mind,  indu- 
cing a ftate  of  high  exhilaration,  which,  in  gene- 
ral, is  not  followed  by  languor  or  debility,  but 
rather  by  vigour  and  a difpolition  to  exertion, 
continuing  for  fome  time,  and  gradually  fub- 
fiding.  Thefe  effedls  are  produced,  either  when 
it  is  infpired  pure,  or  mixed* with  atmofpheric 
air;  in  its  undiluted  ftate,  the  infpiration  of  it 
cannot  be  continued  above  four  or  five  minutes, 
as  infenfibility  is  induced : an  animal  confined  in 
it  dies  even  fooner  than  in  oxygen  gas  or  atmo- 
fpheric air,  apparently  from  the  high  excitement 
it  occafions.  From  its  highly  ftimulant  powers, 
it  has  been  applied  with  advantage  to  the  treat- 
tnent  of  feveral  difeafes  of  debility. 

The  analyfis  of  nitrous  oxyd  is  performed  by 
the  electric  fpark,  or  by  palling  it  through  an 
ignited  earthen  tube.  ' It  is  thus  converted  into 
nitric  acid,  and  a gas  analogous  to  atmofpheric 
air.  From  analytic  experiments  of  this  kind, 
Mr.  Davy  concludes,  that  it  is  compofed  of  37 
parts  of  oxygen  with  63  of  azot. 
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SIMPLE  INFLAMMABLES,  AND  THEIR. 
■ BINARY  COMBINATIONS. 


Under  the  title  of  Simple  Inflammables,  may  be 
arranged  three  fubftances,  Carbon,  Sulphur,  and 
Phofphorus.  Their  general  charadlers  are,  that 
they  exift  in  the  folid  form,  but  are  totally  defti- 
tute  of  the  metallic  fplendour,  opacity,  and  gravi- 
ty ; they  are  highly  inflammable,  and  form  acids 
by  combination  with  oxygen. 
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CARBON.— -DIAMOND. 

When  vegetable  matter,  efpecially  the  wood 
•f  plants,  is  expofed  to  heat  in  clofe  vellels,  the 
more  volatile  parts  are  expelled  or  dccoinpofed, 
and  there  remains  a black  Iliining  porous  body, 
termed  Charcoal.  This  confifts  principally  of  a 
peculiar  inflammable  matter,  which  burns  in  at- 
mofpheric  air,  forming  an  acid,  the  Carbonic;  but 
there  likewife  remains  after  this  combuftion  a 
fmall  quantity  of  fahne  and  earthy  matter,  which 
the  charcoal  contained.  This  pecuhar  inflam- 
mable matter,  which  is  the  principal  part  of  char- 
coal, and  which,  mixed  with  the  fmall  portion  of 
foreign  fubftances,  forms  indeed  its  entire  fub- 
ftance,  is  termed  Carbon,  in  the  language  of  the 
new  nomenclature.  It  is  an  abundant  principle 
both  in  vegetable  and  animal  fubftances,  and  is 
the  refiduum  which  they  aflford  when  decornpofed 
by  heat. 

This  fubftance  was  fuppofed  in  the  modern 
fyftem  to  be  Ample ; but  late  experiments  have 
Ihewn  that  it  is  not  perfedlly  fo,  but  is  rather  an 
inflammable  body,  in  a ftate  of  imperfedl  oxyda- 
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tion.  It  had  been  known  for  fome  time,  that  the 
diamond  is  inflammable  ; it  had  even  been  afcer- 
tained  by  the  experiments  of  Lavoifier  and  Ten- 
nent,  that  by  combulUon  it  produces  an  acid, 
precifely  the  fame  as  that  formed  by  the  burn- 
ing of  charcoal.  At  length  Morveau  difcovered^ 
by  a feries  of  experiments,  that  the  diamond  is, 
properly  fpeaking,  pure  carbon,  the  Ample  in- 
flammable bafe  of  the  carbonic  acid ; and  that 
charcoal,  in  its  purefl:  ftate,  or  when  mofl;  free 
from  accideiv:al  mixture,  is  this  Ample  fubftance, 
combined  with  a portion  of  oxygen,  lefs  than 
' that  neceflary  to  form  the  carbonic  acid.  This  he 
Ihewed  by  proving,  that  a much  greater  quantity 
of  this  acid  is  formed  from  the  combuftion  of  a 
Certain  weight  of  diamond  than  from  the  fame 
weight  of  charcoal;  28  parts  of  the  latter  combin- 
ing with  72  of  oxygen,  to  form  100  parts  of  the  a- 
cid ; while  17.8  of  diamond  combine  with  not 
lefs  than  82.1  of  oxygen  to  form  this  quantity. 
As  both  afford  the  fame  produd;  by  oxygenation, 
and  as  they  differ  only  in  requiring  different  quan- 
tities of  oxygen  to  form  it,  it  is  evident,  that  the 
one  muff:  differ  from  the  other  in  containing  a 
portion  of  oxygen; — that  diamond  is  the  Ample 
bafc,  of  which  charcoal  is  the  oxyd. 
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Morveau  likewlfe  difcovered,  that' there  are 
fome  fubftances  in  intermediate  degrees  of  oxyda- 
dation  between  diamond  and  wood  charcoal.  The 
fubftance  termed  Plumbago,  and  feveral  foffi'l  fub- 
llances  known  by  the  name  of  Incombuftibie 
Coal,,  are  of  this  kind. 

Diamond.  — This  fubftance  is  diftinguifhed 
from  every  other,  by  its  eminent  luftre,  tranfpar- 
lency,  and  hardnefs.  It  is  found  cryftallized,  ge- 
inerally  colourlefs,  but  l^ewife  not  unfrequently 
of  various  colours.  Its  fpecific  gravity  is  from 
3.44  to  3.55.  It  is  not  adled  on  by  any  of  the  a- 
cids,  nor  indeed  by  almoft  any  chemical  agent, 
.oxygen  excepted  at  a high  temperature.  When 
jplaced  in  oxygen  gas,  and  expofed  to  the  folar 
•rays  concentrated  by  a powerful  lens,  its  colour 
:firft  becomes  dull,  and  its  furface  is  fenlibly  black- 
(ened, — changes  owing  to  partial  oxydation.  When 
Ithe  application  of  the  light  is  continued,  the  dia- 
.mond  at  length  inflames,  but  faintly;  nor  is  a fnf- 
iicient  quantity  of  caloric  extricated  to  keep  tip 
the  temperature  requifite  to  its  combuftion ; it  is 
therefore  neceflTary  to  continue  the  application  of 
the  folar  light  collected  by  the  lens.  Rather  more 
than  four  parts  of  oxygen  are  requifite  for  the  fa- 
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turation  of  the  diamond,  and  five  parts  of  carbon- 
ic acid  are  produced. 

Plumbago,  or  Graphite,  ufually  known  by 
the  name  of  Black  Lead,  is  of  a black  colour,  fo- 
liated texture,  foft,  and  fomewhat  unciuous  to  the 
touch.  It  is  not  altered  by  expofure  to  air  or  wa- 
ter, neither  is  it  aded  on  by  any  of  the  acids.  It 
is  likewife  fo  unalterable  by  fire,  as  to  be  ufed  in 
making  crucibles  and  furnaces.  If  it  be  kept, 
however,  in  long  ignition  in  an  intenfe  heat,  it  fuf- 
fers  a gradual  combuftion,  yielding  carbonic  acid, 
and  affording  a refiduum  of  oxyd  of  iron.  It  can 
likewife  be  deflagrated  with  nitrat  of  potafh,  and 
affords  the  fame  produds.  Scheele  even  obferved, 
that  it  requires  double  the  quantity  of  nitrat  of 
potafli  for  its  deflagration  that  wood  charcoal 
does. 

From  this  analyfis  of 'plumbago,  it  was  confi- 
dered,  in  the  antiphlogiftian  fyftem,  as  a com- 
pound of  carbon  and  iron.  Morveau  has  Ihewn, 
that  by  oxygenation  it  affords  more  carbonic  acid 
than  an  equal  w'eight  of  charcoal  does  ; it  there- 
fore contains  lefs  oxygen,  and  may  be  confidered 
as  diamond  in  its  fiifl;  fiatc  of  oxydation.  The 
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iron  does  not  feem  to  be  very  elTential  to  its  con- 
: ftitution,  and  is  never  in  a conliderable  proportion. 

The  fubftances  termed  Incombuftible  Coal,  are 
limilar  to  plumbago  in  their  difficulty  of  burning, 

; and,  as  Morveau  has  afcertained,  in  requiring  a 
! larger  quantity  of  oxygen  than  charcoal  does,  for 
their  faturation.  The  charcoal  obtained  from 
the  decompofition  of  animal  matter  by  heat  in 
iclofe  velTels,  is  fcarcely  capable  of  combining 
with  oxygen,  but  at  a very  high  temperature,  and 
I even  coal  when  it  has  been  coked,  or  expofed  to  a 
:ftrong  heat  without  the  free  accefs  of  air,  is  not 
fo  eafily  kindled  as  common  charcoal.  Thefe 
fub  fiances,  therefore,  probably  differ  from  char- 
coal in  being  lefs  oxydated,  whence  they  have  the 
property  of  requiring  a higher  temperature  for 
their  combuftion;  carbon,  like  azot,  being  render- 
ed by  a partial  oxydation  more  fufceptible  of  com- 
bining with  a larger  proportion  of  oxygen. 

Charcoal,  or  Oxyd  of  Carbon,  is  obtained,  as 
has  been  obferved,  from  the  combuftion  of  wood, 
conduced  in  fuch  a manner  that  the  free  accefs 
of  the  air  is  not  permitted.  The  conflituent 
principles  of  the  wood  are  difengaged  in  new 
combinations,  and  the  charcoal  is  the  refiduum. 

It 
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It  contains  various  earthy  and  metallic  fubftancesj 
thel'e  are  not  cfTential  to  its  compofition,  nor 
are  they  in  any  confiderable  proportion,  fel- 
dom  amounting  to  more  than  a aooth  part  of  its 
weight.  By  certain  procefTes  charcoal  may  even  be 
obtained  nearly  free  from  them.  Asthisfubftancc 
is  in  an  oxydated  date,  it  is  probable  that  in  the 
procefs  by  which  it  is  obtained,  the  carbon  of  the 
vegetable  matter  has  combined  with  the  oxygen 
either  of  that  matter,  or  with  that  of  the  atmo- 
fpheric  air. 

Charcoal  is  folid,  brittle  and  fonorous,  taftelefs 
and  inodorous,  and  perfedlly  black.  It  is  extreme- 
ly porous,  and  is,  apparently  from  this  porofity,  ca- 
p^ible  of  abforbing  large  quantities  of  the  gases, 
without  fuffering  any  change  in  its  properties. 
Water  or  atmofpheVic  air  produce  no  change  in 
it  at  a low  temperature,  and  it  is  not  altered  by' 
any  degree  of  heat  applied  to  it  in  clofe  veflels. 

But  when  heated  to  the  temperature  of  igni- 
tion in  contadl  with  atmofpheric  air,  it  burns, 
with  a red  or  a white  light,  according  to  the  ra- 
pidity of  the  combuftion,  and  with  the  extrication 
of  a large  quantity  of  caloric.  In  oxygen  gas,  its 
combuftion  is  much  more  vivid,  and,  if  the  gas  is 

pure, 
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pure,  the  whole  of  it  is  confumed.  The  produdl 
of  this  combuftion  is  an  acid,  the  fame  with  that 
formed  in  the  combuftion  of  the  diamond,  as  it  is 
the  produd  of  the  full  faturation  of  carbon  with 
oxygen. 
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This  acid  contains  in  the  loo  parts,  72  of  oxy- 
gen and  28  of  charcoal ; charcoal,  however,  itfelf 
contains  a quantity  of  oxygen  : the  exaft  propor- 
tions, therefore,  of  its  limple  principles,  as  afcer- 
tained  by  Morveau,  are  17.88  of  pure  carbon, 
and  82.12  of  oxygen.  Befides  this  mode  of  ob- 
taining it  by  the  direct  combination  of  its  elements, 

it  is  abundantly  produced  in  the  combuftion 

* 

of  fuel,  wood,  and  vegetable  matter  of  every 
kind, — in  the  fermentation  of  vegetable  fubftan- 
ces,  and  in  the  decompofttion  pf  animal  matter 
by  putrefaction  or  heat. 

The  exiftence  and  properties  of  this  acid  were 
difcovered  by  Dr.  Black,  who  named  it  Fixed 
Air,  as  he  found  it  to  be  fixed  in,  or  combined 
with,  a number  of  fubftances,  and  as,  when  freed 
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from  thefe  combinations,  it  aflumes  the  aerial 
form.  It  exifts  in  abundance  in  nature.  In  its 
aerial  ftate,  it  is  found  in  caverns  and  mines,  and 
it  is'prefent  in  the  atmofphere  in  inconfiderable 
proportion  : — in  a Hate  of  combination,  it  exifts  in 
great  quantity  in  marl,  chalk,  limeftone,  and  mar- 
ble, thefe  being  compounds  of  it  with  lime.  It 
is  a conftituent  principle  of  many  mineral  waters, 
to  which  it  communicates  pungency  and  their 
fparkling  quality. 

To  obtain  this  acid,  for  experiment,  any  quanti- 
ty of  chalk,  limeftone,  or  marble,  may  be  expofed 
to  a ftrong  heat,  when  it  is  expelled;  or  fulphuric 
acid  diluted  with  3 parts  of  water  may  be  poured 
upon  any  of  them,  it  immediately  combines  with 
the  lime,  which  is  one  of  the  conftituent  princi- 
ples, and  the  other,  the  carbonic  acid,  is  difen- 
gaged. 

Carbonic  acid  gas  has  a fpecific  gravity  to  that 
of  atmofpheric  air  as  1500  to  1000  ; — it  is  inca- 
pable of  fupporting  combuftion,  and  proves  im- 
mediately fatal  to  life  : — water  abforbs  about 
an  equal  bulk  of  it ; — the  pure  gas,  or  this 
watery  folution  of  it  reddens  the  vegetable  co- 
lours, and  has  all  the  general  properties  of  acids, 

though 
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though  in  a degree  much  lefs  conliderable  than 
many  of  the  other  acids. 


Carbonic  acid  combines  with  the  alkalis  and 
earths,  forming  neutral  fabs.  As  its  acid  powers 
are  comparatively  weak,  fo  the  cha;nges  which  it 
occafions  in  thefe  bafes  by  combining  with  them 
are  in  general  in  conliderable.  The  alkalis  ftill 
retain  their  peculiar  tafte  and  acrimony  ; they 
change  the  vegetable  colours  to  a green,  and 
polTefs  indeed  all  their  peculiar  properties,  only 
in  a lefs  degree.  The  changes  produced  in  the 
earths  are  rather  more  conliderable,  but  ftill  feve- 
ral  of  the  original  properties  are  retained.  Be- 
fore the  time  of  Dr.  Black,  thefe  compounds  were 
confidered  as  modifications  of  the  alkalis  and 
earths,  and  were  termed  Mild,  to  diftinguifti  them 
from  the  others  which  were  named  Cauftic;  He 
ftiewed,  that  they  contain  carbonic  acid,  and 
Bergman  demonftrated  that  they  are  neutral  falts^ 

The  diftinguifhing  charafter  of  this  order  of 
neutral  falts  is  their  property  of  effervefeing  on  be- 
ing mixed  with  acids ; this  is  owing  to  the  attrac- 
tion of  the  carbonic  acid  to  the  bafe  being  fo  weak, 
that  it  is  feparated  by  the  acid  added  ; in  the  mo- 
ment of  its  feparation  it  aflumes  the  gafeous  form, 

and, 
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and,  riling  through  the  liquor,  produces  the  ap- 
pearance termed  EfFervefcence. 

Carbonat  of  Potash.  — Potafli,  in  the  pro- 
cefles  by  which  it  is  prepared,  is  ‘ always  combin- 
ed with  a quantity  of  carbonic  acid.  This,  how- 
ever, is  not  fufficient  to  faturate  it ; it  does  not 
form,  therefore,  a perfedt  neutral  fait,  but  a com- 
pound, with  an  excefs  of  alkali,  which  may  be 
termed  the  Sub-earbonat  of  Potafli.  It  is  the 
fubflance  that  has  been  known  to  chemifts  under 
the  names  of  Mild  Vegetable  Alkali,  Salt  of  Tar- 
tar, &c.  It  is  ufually  in  the  form  of  a coarfe 
powder,  perfedUy  white,  its.tafte  is  acrid,  and  it 
poflefles  fome  cauflicity,  though  not  fo  much  as 
pure  potalh  ; it  is  deliquelcent,  is  foluble  in  half  its 
weight  of  water,  combines  with  oils,  and  is  de- 
compofed  by  acids,  or  expofure  to  heat,  its  acid 
being  driven  off.  It  confifts  of  60  parts  of  pot- 
aili,  30  of  carbonic  acid,  and  6 of  water. 

The  neutral  carbonat  of  potafli  poflefles  pro- 
perties different  from  thofe  of  the  fub-carbonat. 
It  is  capable  of  cryftallizing;  its  cryftals  donotdi- 
liquefce  on  expofure  to  the  air,  but  are  rather  ef- 
fiorefeent;  they  require  for  their  folution  four 
. tiqaes  their  weight  of  water  at  a mean  tempera- 
ture. 


tiire.  This  fait  though  it  has  little  of  the  alka- 
line tafte  or  acrimony,  hill  changes  the  vegetable 
colours  to  a green.  It  confifts'of  41  of  potalh,  43 
of  carbonic  acid  and  i6  of  water.  It  is  decom- 
pofed  by  heat,  by  all  the  acids,  which  combine 
with  its  bafe,  and  by  lime,  barytes,  and  ftrontites, 
which  attract  its  acid.<  ‘ 

■ » . . ,s 


• This  neutral  falt^may  likcwife  be 
ed  with  carbonic*acid’  by  introducing' the  acid  ^s 
into  a folutidh  of  the  alkali  in  water.  The  folution 
acquires  a pungent  acidulous  tafte,  and  is  tiled  in 
medicine  as  being  more  pleafant  and  mild  than 
the  alkali  in  any  other  form. 


Carbonat  of  Soda.  — Soda,  in  the  hate  in 
which  it  is  ufually  ptepared  by  the  incineration 
of  marine  plants,  is  combined  wdth  carbonic  acid. 
This  carbonat  of  foda,  freed  by  folution  from  the 
impurities  with  which  it  is  mixed,  cryftallizes 
in  rhomboidal  cryltals  ; thefe  efflorefee  on  expo- 
fure  to  the  air  ; they  are  foluble  in  twice  their 

9 

weight  of  v/ater,  at  a mean  temperature,  and  in 
an  equal  Weight  of  boiling  water.  The  talle  of 
this  fait  is  alkaline,  b\it  with  little  acrimony ; it 
changes  the  vegetable  colours  to  a green ; it 
fuffers  decompofitions  fimilar  to  thofe  of  the  car- 
bonat 
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bonat  of  potafli,  and  is  further  decompofed  by 
pure  potafh  which  attrads  its  acid.  When  fuDy 
faturated  with  acid  and  cryftallized,  it  confifts  of 
'2i.58  parts  of  foda,  14,42  acid,  and  64  water. 

Carbonat  of  Ammonia This  fait  may  be 

obtained  by  the  dirccfl  combination  of  its  princi- 
ples, ammonia  and  carbonic  acid  gases  combin- 
ing with  facility,  and  forming  a concrete  fait.  It 
i’s*ufually  prepared  by  expofing  to  a moderate  heat 
equal  parts  of  dried  carbonat  of  lime,  and  muriat 
of  ammonia  in  powder;  the  lini^  attradls  the  mu- 
riatic acid  of  the  muriat  of  ammonia,  and  the  am- 
monia combines  with  the  carbonic  acid  of  the  car- 
bonat of  lime  ; the  carbbiiat  of  ammonia  formed  is 
fublimed  by  the  heat  that  is  applied.  Another 
procefs  to  obtain  the  watery  folution  of  it  is,  to 
expofe  to  heat  equal  parts  of  muriat  of  ammonia 
and  fub-carbonat  of  potafli,  with  two  parts  of  wa- 
ter ; the  ammonia  attrafls  the  carbonic  acid  of 
the  latter  fait,  and  is  volatilifed  with  the  a queous 
vapour. 


volatile, , that  it  exhales  at  a natural  tem'perature ; 
it  retains  the  pungent  ammonial  odour  and  tafte, 
is.  nightly  cauflic,  and  is  capable  of  changing  the 


Carbonat  of  Ammonia  is  a concrete  fait,  fo 
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vegetable  colours  to  a green.  It  is  foluble  in 
twice  its  weight  of  water  at  a mean  temperature, 
and  in  lefs  than  its  own  weight  of  boiling  water, 
and  is  capable  of  being  cryftallized.  It  is  decom- 
pofed  by  the  two  fixed  alkalis,  by  feveral  of 
the  earths,  and  by  nearly  all  the  acids.  Accord- 
ing to  Bergman,  it  confifis  of  43  parts  of  alkali, 
45  of  acid,  and  12  of  water.  Its  compofition, 
however,  Mr.  Davy  obferves,  is  various,  according 
to  the  temperature  at  which  it  is  formed ; fo  much 
fo,  that  the  proportion  of  ammonia  varies  from  20 
to  50  parts  in  the  100. 

Carbonic  acid  fcarcely  exerts  any  a6lion  on 
the  metals,  or  on  inflammable  fubilances,  owing 
to  the  ftrong  attradion  which  exifts  between  its 
principles.  From  the  flrength  of  this  attradion, 
it  feemed  fcarcely  pofliblc  to  decompofe  it,  as 
no  known  fubftance  has  a ftronger  attraction  to 
oxygen  than  carbon.  This  decompofition,  how- 
ever, has  been  effeded  by  the  aid  of  concurrent 
affinities.  A fmall  quantity  of  phofphorus  is  ex- 
pofed  to  a red  heat  with  carbonat  of  lime  ; a 
quantity  of  carbonaceous  matter  mixed  wdth  phof- 
phat  of  lime,  is  obtained ; the  carbonic  acid  being 
decompofed  by  the  concurrent  affinities  of  phof- 
phorus for  oxygen,  and  of  phofphoric  acid  for 

lime, 
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lime.  Mr.  Cruickfhank  has  {hewn,  that  it  is  alfo 
partially  de-oxy dated  when  carbonat  of  lime  is 
heated  with  filings  of  iron,  gafeous  oxyd  of  carbon 
being  produced. 


CARBONATED  HYDROGEN. 

Carbon  is  capable  ©f  combining  With  hydro- 
gen, -and  forms  a compound  gas,  termed  Hydro- 
carbonate, or  Carbonated  Hydrogen.  There  are 
feveral  gases  of  this  kind,  obtained  by  different 
proceffeSj^'^which  differ  in  their  properties  and  in 
the  proportions  of  their  conflituent  principles. 

If  charcoari-be  ftheated  to  rednefs,  and  Water 
be  dropped  flowdy  upon  it,  it  is  decompofed  ; 
one  part  of  the  carbon  combining  wdth  its  oxy- 
gen, another  with  its  hydrogen,  carbonic  acid 
and  hydrocarbonate  are  formed.  Thefe  pafs 
off  in  the  flate  of  gas  mixed  together:  the  car- 
bonic acid  may  be  abflradtedby  wafliingthe  mix- 
ed gas  with  lime  w'ater,  and  the  hydrocarbonate 
gas  is  thus  obtained  pure. 


This 
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This  gas  has  a fpecific  gravity  greater  than 
that  of  pure  hydrogen ; it  is  to  that  of  atmofpheric 
air  as  I r to  23  ; it  islefs  inflammable,  burns  with 
a blue  flame,  and  does  not  explode,  even  when 
mixed  with  atmofpheric  air,  previous  to  its  in- 
flammation. It  is  more  immediately  fatal  to  ani- 
mal life  than  the  greater  number  of  the  gases. 
It  has  the  Angular  property  of  communicating  to 
the  blood  and  mufcles  a florid  red  hue. 

The  produdls  of  the  combuftion  of  this  gas  are 
water  and  carbonic  acid.  Mr.  Cruickfliank,  from 
afcertaining  the  quantities  of  thefe  produ6ls,  and 
the  quantity  of  oxygen  confumed,  fuppofes  it  to 
confift  of  4 parts  of  carbon,  1.3  of  hydrogen,  and 
9 of  water.  It  may,  however,  be  rather  the  ele- 
ments of  water,  than  water  itfelf,  which  it  con- 
tains ; and  in  this  cafe  'it  will  be  a ternary  com- 
pound of  carbon,  hydrogen,  and  oxygen. 

In  the  decompoAtion  of  alkohol,  ether,  or  cam- 
phor, by  pafling  thefe  fubftances  in  the  ftate  of  va- 
pour through  an  ignited  tube,  other  gases,  fome- 
what  different  from  the  former,  are  produced. 
They  are  heavier ; their  fpeciAc  gravity,  accord- 
ing to  the  experiments  of  Cruickfliank,  being  to 

O 0 that 
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that  of  atmofpheric  air,  as  15.5  to  23.5 ; and  they 
contain  a confiderably  larger  proportion  of  carbon. 
In  their  properties  they  are  very  fimilar  to  the 
former. 

■ / j - 

There  are  Hill  - other  two  gases  different  from 
thefe,  one  produced  by  expoling  to  heat  mixtures 
of  metallic  oxyds  with  charcoal,  the  other  from  a 
mixture  of  filings  of  iron  with  the  carbonats  of  lime 
or  barytes.  Thefe  are  very  limilar  to  each  other, 
the  one  being  only  a little  heavier  ; their  fpecific 
gravity  is  nearly  the  fame  as  atmofpheric  air,  be- 
ing as  22  to  23  ; hence  they  are  nearly  twice  as 
heavy  as  the  hydrocarbonate,  from  the  decompo- 
fition  of  water  by  charcoal ; they  burn  with  a 
blue  lambent  flame,  and  do  not  explode  when 
previoufly  mixed  with  atmofpheric  air.  Mr. 
Cruickfhank  has  clearly  fliewn,  that  they  differ 
from  the'  preceding  gases  in  containing  a larger 
proportion  of  oxygen,  as  by  the  addition  of  a 
fmall  portion  of  oxygen  they  are  converted  into 
carbonic  acid  : they  are  indeed  nearly  pure  gafe- 
ous  oxyds  of  carbon  ; a fmall  portion  of  hydrogen 
feems,  however,  to  enter  into  their  compofition, 
and  they  may  be  confidered  as  ternary  compounds 
of  that  element  with  carbon  and  hydrogen.'* 

SedL 


*Nicolfon’s  Journal,  Vol.  V. 


Sulphur  is  a Ample  inflammable  fubftance', 
found  in  abundance  in  nature  in  various  ftates. 
Native  fulphur  is  either  cryftallized,  or  in  compadt 
mafles,  and  in  both  forms  is  found  in  the  neigh- 
bourhood of  volcanoes.  It  likewife  exifts  in  large 
quantities,  combined  with  fome  of  the  metals ; 
and  from  fome  of  thefe,  particularly  from  the 
combination  of  it  with  iron,  it  is  likewife  extract- 
ed for  the  purpofes  of  commerce. , The  fulphur 
obtained  from  either  of  thefe  fources,  is  freed  by 
fublimation  from  the  fubftances  with  which  it  is 
naturally  mixed  or  combined..  Sulphur  is  alfo 
contained’  in  inconfiderable  quantity  in  feveral 
vegetable  and  animal  products. 

I 

Sulphur  is  a.  folid  brittle  fubftance,  taftelefs 
and  inodorous,  except  when  heated  or  rubbed, 
when  it  emits  a flightly  foetid  fmell.  Its  fpecific 
gravity  is  199,  It  is  inibluble  in  water.  It 
melts  at  223  of  Fahrenheit,  and  at  the  fame  tem- 
perature is  volatiliefd.  At  300  it  burns  in  atmo- 
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fpheric  air  with  a blue  flame,  and  the  emillion  of 
very  pungent  fufFocating  fumes.  At  a higher 
temperature  it  burns  with  a white  flame  ; and  in 
oxygen  gas,  its  combuftion  is  vivid. 

Sulphur  combines  with  oxygen  in  two  pro- 
portions, forming  compounds  of  an  acid  nature, 
differing  in  their  properties  from  each  other.  Ac- 
cording to  the  principles  of  the  new  nomencla- 
ture, the  acid  with  the  larger  proportion  of  oxy- 
gen is  termed  Sulphuric  ; that  with  the  lefs  pro- 
portion, Sulphureous.  The  acid  powers  of  the 
former  arc  much  more  confiderable  than  thofc  of 
the  latter. 

SULPHURIC  ACID. 

Tnis  acid  is  formed  during  the  conibuflion  of 
fulphur.  When  the  combuftion  is  carried  on  in 
stmofpheric  air,  the  oxydation  is  imperfedl,  and  a 
confiderable  quantity  of  fulphureous  acid  is  form- 
ed. In  the  manufacture,  therefore,  of  the  fulphu- 
ric  acid,  the  fulphuf  is  mixed  with  from  one-eighth 
to  .one-twelfth  of  nitrat  of  potafh ; the  mixture 
is  kindled,  and  placed  in  a large  leaden  chamber ; 
by  the  flow  combuftion  of  the  fulphur,  fulphuric 

acid 
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acid  is  formed,  which  is  ahforbed  by  water  placed 
in  the  bottom  of  the  chamber.  This  liquor,  after 
a • certain  degree  of  impregnation,  is  expofed  to 
heat  in  glafs  retorts,  fo  as  to  deprive  the  acid  of 
the  fuperfluous  water,  the  fulphureous  acid,  and 
nitrous  gas,  with  which  it  is  mixed.  It  is  not  per- 
fedly  pure,  but  contains  fmall  quantities  of  ful- 
phat  of  lead,  and  fulphat  of  potalh,  from  which  it 
may  be  freed  by  diftillation,  or,  in  a great  mea- 
fure,  by  dilution  with  water.  Befides  this  mode 
of  obtaining  this  acid,  it  was  formerly  procured 
by  decompofing  by  heat  the  green  vitriol  of  com- 
merce, cr  fulphat  of  iron  ; and  hence  was  ufually 
named  Vitriolic  Acid. 

Sulphuric  acid,  in  its  ufual  degree  of  concen- 
tration, is  heavier  than  any  other  acid,  its  fpeci- 
fic  gravity  being  to  that  of  water  as  1850  to 
loco;  it  may  be  concentrated  fo  far  as  to  have 
a fpecific  gravity  equal  to  2000.  Even  in  this 
Hate,  it  contains  a quantity  of  water,  according 
to  the  experiments  of  Mr.  Kirwan,  not  lefs  than 
10.7  parts  in  the  loo.  It  has  been  obtained  in 
a concrete  date ; but  this  feems  to  depend  on 
its  containing  a quantity,  of  fulphureous  acid, 
which  gives  it  the  property  of  congelation.  The 
pure  acid,  apart  from  the  water  which  it  always 

contains, 
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contains,  is  fuppofed  by  Berthollet  to  confift  of 
36.8  of  oxygen,  and  63.2  of  fulphur. 

Sulphuric  acid,  in  its  iifual  fluid  ftate,  is  co- 
lourlefs  and  tranfpavent,  of  an  oily  confiflence, 
inodorous,  extremely  cauftic,  fo  as  to  deflroy  any 
animal  or  vegetable  matter  on  which  it  falls  ; it 
reddens  deeply  the  vegetable  colours,  and  pof- 
, fefles  in  an  eminent  degree  the  general  properties 
of  acids.  At  a temperature  fomewhat  inferior  to 
6co  of  Fahrenheit,  it  is  volatilifed,  without  fuf* 
fering  any  change.  It  has  a ftrong  attraction  to 
water,  and  combines  with  it  in  every  proportion  : 
A conflderable  rife  of  temperature  is  produced  by 
their  combination  from  change  of  capacity. 

Sulphuric  acid  is  not  altered  by  oxygen  or  a- 
2,ot ; hydrogen  at  a high  temperature  decompofes 
it  by  attradling  its  oxygen.  Nitrous  gas  is  ab- 
forbed  by  it ; it  combines  with  nitrous  acid,  and 
forms  a compound  which  diflidves  filver,  but 
fcarcely  any  other  metal.  -It  is  decompofed  by 
a number  of  inflammable  fubftances,  which  at- 
tract its  oxygen.  If  poured  on  any  vegetable  or 
animal  matter,  a decompofition  of  this  kind  takes 
place,  and  a quantity  of  carbon  is  evolved,  which 
gives  the  acid  a brown  or  black  colour,  J t is  alfo 

rapable 
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.capable  of  oxydating  and  dilToiving  a number  of 
'.the  metals,  either  affording  to  them  part  of  its 
(oxygen,  or,  by  a difpofing  affinity,  enabling  the 
:metal  to  decompofe  the  water  which  is  pre- 
:fent. 

Sulphuric  acid  combines  with  the  alkalis,  and 

V 

iforms  neutral  falts  termed  Sulphats.  It  has  in 
{general  a ftronger  attracSlion  to  them  than  any  of 
I the  other  acids  have;  and  hence,  the  falts  which 
;it  forms  are  not  ealily  decompofed.  Barytes  and 
fftrontites  are  capable  of  decompoling  them,  by 
(exerting  a ftronger  attra(3:ion  to  their  acid.  When 
Cheated  with  charcoal,  their  acid  is  decompofed  by 
iits  oxygen  being  attra(d;ed  by  the 'carbon. 

SuLPHAT  OF  Potash This  fait  is  generally 

{prepared  by  the  dired  combination  of  its  princi- 
iples,  or  by  decompofing,  by  fulphuric  acid,  thofc 
Ifalts  which  have  potaffi  for  their  bafe.  Its  cryf- 
'tals  are  not  deliquefcent ; it  is  foluble  in  12 
parts  of  water  at  a mean  temperature,  and  in 
4 parts  of  boiling  water;  is  fufed  and  volatil-  ' 
ifed  by  heat,  without  decompofition.  It  con- 
lifts,  according  to  Bergman,  of,  40  parts  of  acid, 
52  of  alkali  and  8 of  water.  Kirwan  ftates  the 

proportions 
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proportions  of  it,  when  dried,  at  45.2  of  acid,  and 
54.8  of  alkali. 

This  fait  can  be  decompofed  only  by  bary- 
tes and  ftrontitcs,  by  a fingle  sittradiion ; it  may 
be  likewife  decompofed  by  a number  of  neu- 
tral falts  by  double  eledive  attradion,  and  by 
feveral  of  the  acids  by  means  of  what  has  been 
termed  reciprocal  affinity.  If  nitric  acid  be  di- 
gefted  upon  part  of  it,  it  is  decompofed,  and  a 
quantity  of  nitrat  of  potalh  is  formed.  Not  more 
than  one  third  of  the  fait  can  be  decompofed, 
whatevet  quantity  of  the  nitric  acid  may  be  ufed. 
The  decompolition  is  effedted  by  confpiring  affi- 
nities, by  that  of  the  nitric  acid  for  potalh,  and 
of  fulphat  of  potalli  for  an  excefs  of  fulphuric  a- 
cid ; the  former  would  be  ineffedual,  but  is  pro- 
moted by  the  latter : the  produds  are  nitrat  of 
potalh,  and  acidulous  fulphat  of  potaffi.  Suiphat 
of  potalh  is  likewife  decompofed  by  heating  it 
with  charcoal,  the  carbon  attracts  its  oxygen,  and 
the  potalh  remains  combined  with  the  fulphur. 

The  acidulous  fulphat  of  potalh  has  a four 
talle,  reddens  the  vegetable  colours,  and  is  more 
foluble  in  water  than  the  neutral  fait. 
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SuLPHAT  OF  Soda ^This  fait  exifts  in  conlider- 

able  quantity  in  fait  fprings  and  lakes,  and  is  even 
found  at  the  furface  of  the  earth.  It  is  prepared 
artificially  by  decompofing  common  fea  fait,  or 
muriat  of  Toda,  by  fulphuric  acid,  this  acid  ii-  ^ 
niting  with  the  foda  of  the  fait,  and  forming 
fulphat  of  foda,  which  is  obtained  by  folution 
and  cryftallization  ; its  cryfials  are  foluble  in 
three  times  their  weight  of  water  at  a mean 
temperature,  and  in  rather  lefs  than  an  equal 
weight  of  boiling  water;  they  are  efflorefcent, 
undergo  the  watery  fufion  by  heat,  but  fuffer 
no  decompofition.  They  confift,  according  to 
Kirwan,  of  18.48  of  alkali,  23.52  of  acid,  and  58 
of  water  of  cryftallization. 

This  fait  is  decompofed  by  potafli,  which  at- 
tracts its  acid,  and  fuffers  partial  decompofition 
from  the  nitric  and  muriatic  acids. 

% 

SuLPHAT  OF  Ammonia.  — This  fait  has  been 
found  in  the  neighbourhood  of  volcanoes,  and  it 
may  likewife  be  obtained  from  the  foot  of  wood 
or  coal  It  may  alfo  be  prepared  by  the  di- 
red  combination  of  its  principles,  or  by  decom- 
pofing  ammoniacal  falts  by  fulphuric  acid.  It  is 

P p foluble 
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folublc  in  twice  its  weiglit  oF  wstcr  3t  a mean 
temperature,  and  in  an  equal  vycight  of  boiling 
water.  It  is  eafily  volatilifed  by  heat,  part  of 
its  ammonia,  however,  being  expelled.  In  its 
cryftallized  ftate  it  confifts,  according  to  Kirwan, 
of  14.24  of  ammonia,  54.66  of  acid,  and  31. i of 
water.  It  is  decompofed  by  the  two  fixed  alkalis, 
and  by  feveral  of  the  earths,  which  attrad  its  a- 
cid. 


SULPHUREOUS  ACID, 
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This  acid  is  formed  during  the  burning  of  ful- 
phur  in  atmofpheric  air  ; but  for  the  puipofes  of 
experiment,  it  is  moft  eafily  obtained  by  decom- 
pofing  partially  the  fulphuric  acid,  by  any  fub- 
ftance  capable  of  attrading  its  oxygen.  If  two 
parts  of  acid  be  expofed  to  a moderate  heat,  with 
one  part  of  quickfilver,  fuch  a decompofition  is 
elfeded^  and  fulphureous  acid  difengaged. 

This  acid  exills  in  the  fiate  of  permanent  gas, 
except  at  a very  low  temperature,  and  under  a 
flrong  prelTure,  by  which  it  has  been  reduced  to 
the  fluid  ftate.  Its  fpecific  gravity  is  nearly 
double  that  of  atmofpheric  air  j it  has  a ftrong 

fuffbeatimr 
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fufFocatIng  odour,  and  proves  fpeedily  fatal  to  ani- 
mal life  ; it  is  not  inflammable,  and  extinguilhes 
combuftion.  It  is  abforbed  by  water,  the  folu- 
tion  retaining  the  pungent  fmell  of  the  gas.  The 
acid  powers  of  this  compound  are  not  confider- 
able ; it  does  not  redden  the  vegetable  colours, 
but  renders  them  white ; it  exerts  little  adlion 
on  the  metals,  and  has  a weak  attradion  to 
the  alkalis  or  earths.  Sulphureous  acid  gas', 
mixed  with  oxygen,  and  kept  over  water,  is 
gradually  converted  into  fulphuric  acid  ; 'the 
fame  combination  takes  place  more  rapidly  by 
palling  the  mixture  through  an  ignited  tube. 
By  the  fame  means  hydrogen  may  be  made  to 
decompofe  it ; and  carbon,  at  the  temperature  of 
ignition,  hkewife  attrads  its  oxygen. 

The  falts  formed  by  the  fulphureous  acid  are 
temed  Sulphites.  Their  tafte  is  fulphureous ; they 
are  decompofed  by  the  greater  number  of  acids, 
which  combine  with  their  bafes.  By  expo- 
fure  to  the  atmofphere,  or  any  fubflance  capable 
of  affording  them  oxygen,  they  are  converted  in- 
to fulphats. 

Sulphite  of  Potash.  — Sulphureous  acid  u- 
nites  with  facility  with  potafh.  The  fait  can  be 

obtained 
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obtained  in  white  tranfparent  cryftals ; it  is  folublc 
in  an  equal  weight  of  water  at  a mean  tempera- 
ture, and  in  a lefs  quantity  of  hot  water.  Expof- 
cd  to  heat,  part  of  its  acid,  alongft  with  a portion 
of  fulphur,  are  expelled.  It  is  decompofed  by 
the  greater  number  of  the  acids,  the  fulphureous 
acid  being  difengaged.  Some  acids,  which  can 
communicate  oxygen  to  it,  convert  it  into  fulphat 
of  potafti.  It  is  alfo  decompofed,  not  only  by  ba- 
rytes, but  by  lime,  which  attradls  its  acid. 

Sulphite  of  Soda,  — This  fait  when  cryftal- 
lized  is  white  and  tranfparent;  itstafteis  cool;  it  is 
foluble  in  4 parts  of  water  at  a mean  temperature. 
Expofed  to  heat,  it  firfl;  undergoes  the  watery  fu- 
lion,  and  is  then  decompofed.  from  the  chemi- 
cal agents  it  fuffers  decompolitions  fimilar  to  thofe 
of  the  fulphite  of  potalh.  From  the  experiments 
of  Vauquelin,  its  cryftals  appear  to  confift  of  18.8 
parts  of  foda,  31.2  of  acid,  and  50  of  water. 

Sulphite  of  Ammonia.  — Sulphureous  acid 
and  ammonia,  when  in  the  ftate  of  gas,  combine 
with  facility,  and  form  a-concrete  fait.  This  fait 
requires  lefs  than  its  own  weight  of  boiling  water 
for  its  folution  ; the  folution  cryftalliles  on  cool- 
ing ; thefe  cryftals  are  fufed  and  volatilifed  by 

heat 
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heat  without  decompofition.  Expofed  to  the  air, 
it  abforbs  humidity,  and  gradually  attrads  oxy- 
gen. It  contains  29  of  ammonia,  60  of  acid,  and 
II  of  water. 


Sulphurated  Hydrogen.— Alkaline 

SULPHURETS. 

Sulphur  is  capable  of  combining  with  hydro- 
gen, and  forms  a compound  termed  Sulphurat- 
ed Hydrogen,  which  exifts  in  the  date  of  perma- 
nent gas.  This  gas,  for  the  purpofe  of  experiment, 
is  molt  eafily  obtained  from  the  compounds  which 
fulphur  forms  with  the  alkalis,  and  thefe  may 
therefore  firft  be  noticed. 

If  a quantity  of  potafli  or  foda  be  fufed  with 
an  equal  weight  of  fulphur,  a chemical  compound 

I 

is  formed,  of  a dark  red  colour : this  is  the  Sul- 
phuret  of  Potafh  or  Soda.  While  dry,  it  is  ino- 
dorous ; if  moiftened,  it  emits  a very  foetid  fraell, 
which  ftill  remains  when  it  is  entirely  diffolved  in 
water;  if  to  this  folution  any  acid  be  added, 
a quantity  of  gas  is  difengaged,  having  the  fame 
foetid  odour,  and  fulphur  is  precipitated. 


Berthollet 
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Berthollet  firft  -fatisfaftorily  explained  the  na- 
ture of  thefe 'Changes.  The  dry  mafs  obtained  by 
fuhng  the  fulphur  and  alkali,  is  a chemical  com- 
pound of  thefe  two  fubllances ; when  water  is 
added,  part  of  it  is  decompofed,  the  alkah,  by  a dif- 
pofing  affinity,  enabling  the  fulphur,  even  at  a 
low  temperature,  to  attradl  part  of  its  oxygen,  and 
form  fulphuric  acid  ; the  portion  of  hydrogen  thus 
fcparated  combines  with  another  portion  of  the 
fulphur,  and  forms  fulphurated  hydrogen.  It  is  the 
prefence  of  this  compound  that  gives  the  folution 
the  foetid  odour : it  is  retamed  by  its  attradion  to 
the  alkali  or  alkaline  fulphuret ; but  when  an 
acid  is  added,  this  combines  with  the  whole  of 
the  alkali  that  is  prefent  j the  fulphur  that  was 
previoufly  combined  with  it  is  precipitated,  and 
the  fulphurated  hydrogen  is  difengaged  in  the 
gafeous  form. 

Sulphurated  hydrogen  is  alfo  produced  by  de- 
compofing  forac  of  the  metallic ,fulphurets  by  mu- 
riatic acid,  and  it  is  formed  by  heating  fulphur  in 
*,  hydrogen  gas,  by  means  of  the  concentrated  folar 
light.  It  is  diftinguiffied  by  its  very  foetid  fmell: 
its  fpccific  gravity  is  to  that  of  atmofpheric  air  as 
iio6  to  looo  : it  extinguilhes  combuftion,  and  is 
incapable  of  fupportirig  life  : water  abforbs  about 
’ one 
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one  half  its  bulk  of  it ; the  folution  has  a foetid 
fmell  and  naufeous  tafte  ; and  it,  as  well  as  the 
gas,  has  the  property  of  reddening  feveral  of  the 
vegetable  colours. 

Sulphurated  hydrogen  poffelTcs  fome  inflam- 
mability : when  mixed  with  atmofpheric  air,  it 
bums  with  a blue  or  greenifli  flame^  and  without 
detonation ; when  mixed  with  an  equal  part  of 
oxygen,  it  detonates  on  the  contad;  of  ari  ignited 
body,  fulphureous  acid  being  formed  ; a mixture 
of  it  with  an  equal  mcafure  of  nitrous  gas  burns 
with  a yellow  or  green  lambent  flame,  and  fome 
fulphur  is  feparated ; with  a larger  quantity  of 

nitrous  gas,  the  fulphurated  hydrogen  is  even  ra- 
' 

pidly  decompofed  without  inflammation,  its  hy- 
drogen combining  with  part  of  the  oxygen  of  the 
nitrous  gas,  fo  as  to  convert  it  into  nitrous  oxyd, 
and  fulphur  being  depofited.  A limilar  decom- 
jiofition  is  produced  in  it  by  fulphureous  acid  gas, 
and  even  by  fulphuric  or  nitric  acids.  The  elec- 
tric fpark  alfo  precipitates  its  fulphur.  From 
thefe  decompofitions  it  has  been  inferred,  that  the 
quantity  of  fulphur  it  contains  amounts  to  one 
eighth  part. 


Sulphurated 
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Sulphurated  hydrogen  combines  with  facility 
with  the  alkalis  and  earths.  Thefe  compounds 
are  foluble  in  water,  are  colourlefs  while  the  at- 
mofpheric  air  is  excluded,  but  become  yellow 
when  it  is  admitted  : they  are  decompofed  by  the 
acids,  which  difengagc  the  fulphurated  hydrogen.  i 
Berthollet  confiders  thefe  compounds  as  analo- 
gous to  neutral  falts,  and  fulphurated  hydrogen 
itfclf  as  of  the  nature  of  an  acid,  from  its  proper- 
ties of  forming  thefe  combinations,  and  of  red- 
dening the  vegetable  colours. 

I 

\ 

Thefe  compounds'  are  termed  by  Berthollet 
Hydro-Sulphurets : they  are  capable, of  combin- 
ing with  an  addition  of  fulphur ; and  fuch  com- 
pounds he  terms  Hydrogenated  Sulphurets.  Su/- 
pburets  are  compounds  of  fulphur  with  other  fub- 
ftances,  with  alkalis,  earths,  or  metals.;  Hydro-ful- 
pburets  are  compounds  of  fulphurated  hydrogen 
and  Hydrogenated  fulpburets  are  compounds  of  hy- 
dro-fulphurets,  with  an  additional  proportion  of 
fulphur.  Of  thefe  compounds,  it  remains  only 
to  notice  the  properties  of  the  alkaline  fulphur- 
ets* 
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SuLPHURET  or  PoTASHi  — This  compound  is 
obtained  by  fufing  equal  parts  of  fulphur  and 
potafli-  It  is  of  a red  colour ; is  very  fufible ; is  ( 
inodorous  while  it  remains  folid  t — if  expofed  to 
ithe  air,  it  attrads  humidity,  and  acquires  a foetid 
fmell,  which  is  alfo  produced  when  it  is  diflblved 
I in  water,  owing,  as  has  been  obferved,  to  the  pro- 
dudion  of  fulphurated  hydrogen. 

When  the  folution  of  fulphuret  of  potafli  is  ex- 
pofed to  atmofpheric  air,  it  foon  attrads  its  oxy- 
gen,  its  colour  becomes  fainter, — it  at  length 

nearly  difappears,  and  nothing  is  found  in  the  fo- 
lution but  fulphat  of  potalh.  Thefe  phenomena 
are  owing  to  the  abforption  of  the  oxygen  of  the 
air,  by  the  hydrogen  of  the  fulphurated  hydrogen 
contained  in  the  folution^  and  the  oxygenation  of 
the  fulphur  from  its  decompofing  the  water. 

From  this  quality,  the  liquid  fulphuret  of  pot- 
alh  has  been  ufed  as  a eudiometer,  and  it  has  the 
advantage  of  completely  abforbing  the  oxygen ; 
nor  is  there  any  degree  of  fallacy  in  its  operation; 
it  is  only  inconvenient  from  the  flownefs  with 
which  it  is  performed.  Morveau  has  propofed 
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to  obviate  this  inconvenience  by  ufing  the  folid 
fulphuref  flightly  moiftened,  and  applying  heat, 
by  which  the  abforption ; of  oxygen  is  rendered 
more  rapid.  . ■ , , 

. j 

Sulphuret  of  potafli  is  decompofed  by  the  acids; 
they  combine  with  its  alkali,  and  precipitate  its 
fulphur.  This  fulphur,  from  its  ftate  of  aggre- 
gation, is  of  a lighter  colour  than  ufual,  and  in 
pharmacy  has  been  termed  lac  fulphuris. 

rSuLPHURET  OF  SoDA  has  properties  precifely 
the  fame  with  thofe  of  the  fulphuret  of  potafli, 
and  fuflers  flmilar  decompofitions. 

Sulphuret  of  Ammonia  has  properties  fome- 
what  Angular.  It  cannot  be  formed  by  digefting 
ammonia  or  fulphur,  but  only  by  prefenting  the 
former  in  its  nafcent  ftate  to  the  latter.  Four 
parts  of  lime  are  mixed  with  two  of  muriat  of 
ammonia  and  one  of  fulphur,  in  a retort  connected 
with  receivers,  and  heat  is  applied ; the  lime  at- 
tracls  the  muriatic  acid  ; the  ammonia  is  diien- 
g-aged,  and  combines  with  the  fulphur  ; and  the 
Adphurct  of  ammonia  is  difengaged  in  the  ftate  ot 
gas.  It  may  be  abforbed  by  water  placed  in  the 
receivers;  — a red  coloured  liquor  is  formed, 

which 
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which  has  a foetid  fmell,  and  emits  copious  fumes. 
It  is  decompofed  in  the  fame  manner  as  the  other  . 
alkaline  fulphurets.  ' ^ 


Se6l.  III. Phosphorus. 


Phosphorus  is  a firaple  fubftance,  which,  asvit 
combine’s  with  oxygen  at  the  lovveft  natural  temv 
perature,  cannot  exift  pure  in  nature.  The  produft 
of  this  combination,  a peculiar  acid,  is  found  in 
abundance  in  nature.  In  the  mineral  kingdom  it 
exifts  combined  with  feveral  of  the  metals  and 
earths ; and  it  is  a component  part  of  many  ani- 
mal produdls. 

“ The  pure  phofphorus  is  obtained  by  various 
proceffes.  If  urine  be  evaporated  to  drynefs,^a 
mafs  is  obtained,  containing,  among  other  faline 
fubftances,  phofphat  of  foda  and  phofphat’of  am- 
monia; if  this  mafs  be  mixed  with  charcoal,  and 
expofed  in  a retort  to  a ftrong  heat,  the  latter  fait 
is  decompofed,  the  oxygen  of  its  acid  is  attrad;ed 
by  the  carbon  of  the  charcoal ; the  phofphorus  is 
thus  feparated,  and  is  fublimed  by  the  heat  ap- 

plied. 
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plied.  The  produd  of  phofphorus  may  be  in- 
creafed  by  adding  to  the  mixture  any  of  the  falts 
of  lead,  thefe  decompofing  the  phofphat  of  foda 
likewifc  ; or  the  urine  may,  without  evaporation, 
be  decompofed  by  a folution  of  acetite  of  lead, 
and  the  precipitate  mixed  with  charcoal,  and 
expofed  to  heat.  But  even  in  this  cafe  the  pro- 
dud  is  leffened,  from  the  phofphorus  being  in 
par,  uttraded  by  the  lead. 

Another  procefs  is  generally  followed,  as  being 

lefs  dif^grctable.  The  folid  matter  of  bones  con- 

lifts  of  phofphat  of  lime ; they  are  burnt  to  white- 

nefs,  powdered,  and  digdkd  with  rather  lefs  than 

one  part  of  fulphuric  acid,  diluted  w'ith  12  parts 

of  water.  I'he  acid  partially  decompofes  the 

phofphat  of  lime,  and  an  acidulous  phofphat  of 

/ 

lime  is  obtained  : this  is  either  evaporated  to  the 
confiftence  of  fyrup,  made  into  a mafs  with  char- 
coal powder,  and  expofed  to  a fiifficient  heat  in  a 
clofe  veflel ; or,  what  is  a preferable  method,  the 
phofphoric  acid ' is  faturated  with  ammonia,  and 
the  phofphat  of  ammonia,  thus  formed,  being  mix- 
ed with  I -3d  part  of  charcoal,  is  expofed  to  heat  in 
a glazed  earthen  retort : the  carbon  attrads  the 
oxygen  of  the  phoiphoric  acid  of  the  fait,  and  the 
phofphorus  diftils  over.  As  firft  obtained,  it  is  im- 
pure, 
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pure,  from  the  mixture  of  carbonaceous  matter 
with  it ; 'but  it  may  be  purified  by  inclofing  it 
in  a piece  of  fine  leather,  plunging  it  in  hot  wa- 
ter, fo  as  to  melt  the  phofphorus,  and  preffing  it 
through. 

Phofphorus,  thus  purified,  is  of  the  confiftence 
of  wax  j is  colourlefs  and  tranfparent  1 has  a Ipe- 
cific  gravity  equal  to  1.9 14«  It  melts  in  water 
at  the  temperature  of  99®;  at  219°  it  is  volatilifedj 
at  554  it  boils  in  clofe  velTels. 

When  phofphorus  is  expofed  to  atmofpheric 
air,  it  emits  fumes  of  a foetid  fmell : thefe.  are  the 
produd  of  its  flow  combuftion,  and  in  a dark 
place  this  is  perceptible  from  its  luminous  ap- 
pearance. At  the  temperature  of  100®,  its  com- 
buftion is  more  rapid  ; and  at  1 60°,  it  bums  with 
a bright  flame,  and  with  the  emiflion  of  a 
large  quantity  of  caloric.  Its  combuftion  in 
oxygen  gas  is  extremely  vivid,  a very  large 
quantity  of  light  being  emitted.  It  is  Angular, 
that  though  in  atmofphfiric  air  it  fuffers  a flow 
combuftion,  even  at  low  natural  temperatures, 
yet  it  does  not  do  fo  in  pure  oxygen  gas,  but  re- 
quires to  be  confiderably  heated  to  caufe  it  to 
burn.  This  fad,  which  chemifts  for  fome  time 

found 
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found  it  difficult  to  explain,  has  been  proved  to 
be  owing  to  phofphorus  being  foluble  in  azotic 
gas,  and,  when  diflblved  by  it,  combining  with  ox- 
ygen at  a much  lower  temperature  than  it 'can  do 
when  in  its  pure  concrete  date.  In  atmofpheric 
air,  therefore,  its  flow  combuftion  is  owing  to  the 
azot  diflblving  it,  and  prefenting  it  to  the  oxygen. 
Hence  alfo  it  appears  luminous  in  azotic  gas,  be- 
caufe  that  gas  is  feldom  perfedly  free  from  oxy- 
gen. Hydrogen  has  been  found  to  have  the  fame 
effedt  upon  it  as  azot. 

Phofphorus,  by  its^power  of  combining  with 
oxygen  with  fo  much  facility,  affords  a very  coa- 
venient  eudiometer.  The  flow  combuftion  of  it 
is  preferable,  for  this  purpofe,  to  the  more  rapid 
produced  by  raffing  the  temperature,  as  ho  man- 
agement is  neceffary  on  account  of  the  expanfion 
of  the  air,  and  as  a certain  indication  of  the  com- 
pletion of  the  proeefs  is  obtained  by  the  phofpho- 
rus ceaftng  to  be  furrounded  with  a white  cloud,  or 
to  be  luminous  in  the  dark.  . It  muft  be  perform- 
ed over  water.  , In  the  eudiometer  of  Berthollet, 

t 

a piece  of  phofphorus  attached  to  a glafs  rod  is 
placed  in  a tube  filled  with  the  air  to  be  tried, 
and  inverted  in  water;  the  diminution  of  volume 
is  eftimated  by  meafuring  the  air,  before  and  after 

the 
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the  procefs,  in  a graduated  tube.  In  the  eudiom- 
eter of  Gren,  a piece  of  phofphorus  fixed  upon  two 
or  three  needles  palTcd  through  a cork,  is  placed 
at  the  orifice  of  a graduated  tube  inverted  in  wa- 
ter, and  filled  with  the  air.  As  the  oxygen  is  ab- 
forbed,  the  water  rifes,  with  the  cork  fwimming  oh 
its  furface,  and  the  phofphorus  is  thus  prefented 
to  the  air.  Berthollet  has  afcertained,  that  the 
bulk  of  the  refidual  azotic  gas  is  increafed  one 
fortieth  by  its  diflblving  a portion  of  the  phofpho- 
rus ; and,  of  courfe,  this  correction  requires  to  be 
made. 

Phofphorus  is  oxygenated  by  nitrous  gas,  nitric, 
fulphuric,  and  oxygenated  muriatic  acids. 

The  produfts  of  the  oxygenation  of  phofphor- 
us are  two  acids,  the  phofphoric  and  phofphorous ; 
the  one  having  a larger,  the  other  a lefs  propor- 
tion of  oxygen.  The  latter  is  the  immediate  pro- 
duct of  the  flow  combuftion  of  phofphorus ; by  ex- 

N 

pofure  to  the  atmofphere,  it  abforbs  oxygen,  and 
is  converted  into  the  other  ; or  if  it  be  expofed  to 
a moderate  heat,  it  emits  white  fumes,  and  the 
phofphoric  acid  remains. 
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This  acid  is  capable  of  exifting  in  the  folid 
form,  and,  by  a flrong  heat,  it  may  even  be  form- 
ed into  a perfect  glafs.  It  is  very  deliquefeent, 
and  foluble  in  water : its  faturated  folution  is  of  an 
oily  conhftence  : it  is  inodorous,  and  poflefles  no 
volatility.  It  is  not  decompofed  by  heat.  Ex- 
pofed  to  a high  temperature  with  charcoal,  its  ox- 
ygen is  abftraded,  and  phofphorus  obtained.  Ac- 
cording to  the  experiments  of  Lavoifier,  it  confifts 
of  loo  parts  of  phofphorus,  united  with  154  of  ox- 
ygen. 

Phofphoric  acid  combines  with  the  three  alka- 
lis, forming  falts,  termed  Phofphats.  They  are 
decompofed,  in  the  humid  wav,  by  the  fulphuric, 
nitric,  and  muriatic  acids ; but  in  the  dry  way,  at  a 
high  temperature,  the  order  of  attradtions  is  re- 
vei'fed,  the  phofphoric  being  able  to  decompofe 
the  falts  which  are  formed  by  thefe  acids,  owing 
probably  to  its  great  fixity. 

Phosphat  of  Potash  is  a fait  which  has  been 
little  examined.  It  can  fcarcely  be  cryftallifed, 

but 
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but  forms,  by  evaporation  of  its  foliltion,  a gela- 
tinous mafs,  which  is  deliquefcent.  By  the  ap- 
plication of  a ftrong  heat,  it  is  fufed  into  a glafs. 
Barytes  and  lime  decompofe  it,  by  attrading  its 
acid.  It  fuffers  no  dedfmpofition  by  being  heat- 
ed with  charcoal. 

Phosphat  of  Soda. This  fait,  which  is  ufed 

in  medicine  and  the  arts,  is  prepared,  by  adding 
to  the  folution  of  the  acidulous  phofphat  of  lime, 
obtained  by  decompofing  burnt  bones  by  ful- 
phuric  acid,  a folution  of  carbonat  of  foda  : the 
foda  combines  with  the  excefs  of  phofphoric  acid, 
and  the  phofphat  of  foda  is  obtained  by  evapora- 
tion, in  regular  rhomboidal  cryftals,  which  have 
generally  a flight  excefs  of  alkali.  Thefe  cryftals 
are  efflorefcent.  They  are  foluble  in  3 parts  of 
cold,  and  in  half  that  quantity  of  boiling  water. 
They  are  vitrified  by  heat,  and  promote  greatly 
the  fufion  of  the  earths  and  metallic  oxyds.  This 
fait  is  decompofed  by  dime  and  barytes,  and 
fuffers  no  change  by  being  heated  with  char- 
coal. 

Phosphat  of  Ammonia This  fait  exifts  in 

the  urine  of  carnivorous  animals  in  confiderable 

R r quantity. 
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quantity.  It  is  obtained  pure  by  the  direct  com- 
bination of  its  principles.  It  is  foluble  in  4 parts 
of  cold,'  and  in  a lefs  quantity  of  hot  water  ; — U 
cryftallizable.  By  expofurc  to  heat,  it  is  firft  fu- 
fed,  and  then  decompofedf  its  ammonia  being  ex- 
pelled ; and  when  heated  with  charcoal,  the  ox- 
.ygen  of  its  acid  is  abftraded,  and  phofphorus 
formed.  It  is  decompofed  by  the  two  fixed  al- 
kalis, and  by  feveral  of  the  earths. 

The  phofphorous  acid  unites  with  the  alkalis 
and  earths,  forming  falts,  termed  Phofphites, — 
They  are  fimilar  in  their  properties  to  the  phof- 
phats,  but  are  charaderifed  by  appearing  lumin- 
ous when  heated,  and  by  affording  a fmall  quan- 
tity of  phofphorus  by  diflillation.  Phosphite  of 
roi'Asii  is  foluble  in  water,  and  cryftallizable  ; it 
melts  by  heat,  with  the  appearance  of  a phof- 
phorefcent  light  ; is  decompofed  by  lime  and  ba- 
rytes, and  by  feveral  of  the  acids.  The  phosphite 
OF  SODA  has  properties  very  fimilar,  but  is  more  fo- 
luble in  water.  The  phosphite  of  ammonia  is 
diftinguilhed  by  a ftrong  penetrating  talle  ; when 
heated  by  the  blow-pipe,  it  is  decompofed,  and 
phofphoi  ated  hydrogen  is  difengaged  ; it  is  like- 
wife  decompofed  by  heat  in  clofe  veflels,  the  am- 
monia 
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monia  being  expelled,  holding  a fmall  quantity 
of  phofphorus  in  folution.  ; 

The  phofphoric  and  phofphorous  acids  adl:  fee- 
bly upon  the  metals,  but  combine  with  the  me- 
tallic oxyds. 
i 


PHOSPHORATED  HYDROGEN. 

This  compound  of  phofphorus  and  hydrogen 
cxifts  in  a ftate  of  gas.  It  is  obtained  by  combin- 
ing the  phofphorus  with  fome  fubftance  which, 
by  a difpofing  affinity,  may  enable  it  to  decom- 
pofe  water.  One  part  of  phofphorus  is  heated 
with  12  parts  of  a Jolution  of  pure  potafh;  it 
combines  with  the  alkali,  and  this  compound  de- 
compofes  part  of  the  water ; one  part  of  the  phof- 
phorus attrads  its  oxygen,  and  another  part  of  it 
combines  with  the  hydrogen  difengaged,  and 
forms  the  phofphorated  hydrogen,  which  palTes 
off  in  the  ftate  of  gas. 

The  charaderiftic  property  of  this  gas  is,  its 
inflaming  on  coming  into  contadt  with  atmofpheric 
air  ; the  produdls  of  the  combuftion  are  aqueous 

vapour 
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vapour  and  phofphoric  acid,  which  form  a light 

white  cloud,  that  afcends  in  a horizontal  circle. 

In  oxygen  gas,  its  coinbuftion  is  inftantaneous 

and  violent,  attended  with  the  emiffion  of  a large 

quantity  of  caloric.  The  Imell  of  this  gas  is 

foetid  and  putrid ; it  is  not  abforbed  by -water, 

but  is  flowly  decompofed  by  {landing  over  it,  the 

oxygen  of  the  atmofpheric  air  contained  in  the 

water  attrading  its  phofphorus.  It  docs  not 

combine  with  the  alkalis. 

/ ^ 

• Another  mode  of  obtaining  phofphorated  hy- 
drogen is  to  combine  phofphoius  with  lime,  by 
expofing  to  heat,  in  a glafs  tube,  a piece  of  phof- 
pliorus,  over  which  a quantity  of  lime  has  been 
prelTed.  A phofphuret  of  lime  is  formed  ; this, 
when  thrown  into  water,  immediately  decom- 
pofes  it ; and  the  hydrogen  difengaged,  diffolv- 
ing  part  of  the  phofphorus,  forms  phofphorated 
hydrogen,  which  cfcapes  from  the  furface  of  the 
fluid,  and  inflames. 


Phofphorus  enters  into  combination  with  ful- 

phur,,  forrnihg  a mifs  more  fufible  than  either  of 

its 
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its  principles.  It  does  not  unite  with  carbon, 
but  combines  with  alraoft  all  the  metals.  It  is 
foluble  in  expreffed  and  volatile  oils,  and  com- 
municates to  them  a phofphorefcent  property. 
It  is  diflblved  alfo  by  alkohol  and  ether. 


/ 
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« 

V''4 

UNDECOMPOSID  acids.  if 

4 


t 

iBisiDzs  the  acids  refulting  from  the  oxygenation 
of  the  limple  inflammable  fubftances,  there  are  o- 
thcrs  which  have  not  hitherto  been  decompofed. 
The  analogy  between  thefe  and  the  other  acids 
is  fo  direct,  that  there  can  be  little  hefitation  in 
confidering  them  as  limilar  compounds  of  oxygen 
with  unknown  bafes.  It  is  in  this  part  ot  our 
arrangement  that  they  are  raoft  properly  placed.  . 
There  are  three  acids  of  this  kind,  the  Muriatic, 
Boracic,  and  Fluoric. 


Se£f, 
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Sctl.  I. Muriatic  Acid. 

/ 

Girtanner  fuppofed  that  he  had  difcovercd 
the  bale  of  this  acid  to  be  hydrogen,  and  that  it 
differed  from  water  only  in  its  degree  of  oxygena- 
tion. This  opinion  has  - been  amply  refuted  by 
the  experiments  of  Henry  and  Van  Mons.  Ber- 
thollet  has  lately  fuppofed,  that  it  is  a triple 

i 

compound  of  hydrogen,  azot,  and  oxygen  ; but 
the  fuppolition  has  not  been  confirmed  by  deci- 
five  experiments. 

\ 

Muriatic  acid  exifts  in  abundance  in  na- 
ture. Combined  with  foda,  it  forms  common  fea 
fait ; it  is  united  with  other  bafes  in  the  water 
of  the  ocean,  and  in  mineral  fprings ; and  in  the 
earth  is  found  combined  with  feveral  of  the  metals. 
To  obtain  the  pure  acid,  t wo  parts  of  fea  fait  heat- 
ed, fo  as  to  confume  any  impurities  it  may  con- 
tain, are  put  into  a retort,  and  one  part  of  ful- 
phuric  acid  is  poured  upon  it.  Heat  is  appli- 
ed ; the  fulphuric  acid  combines  with  the  foda  of 
the  fea  fait,  and  the  muriatic  acid  is  difengaged. 
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It  fiffumes  the  ftate  of  gas,  and  is  made  to  pafs 
through  water  placed  in  the  receivers  connected 
with  the  retort,  by  which  it  is  abforbed.  This 
forms  the  liquid  mqriatic  acid.  Which  is  generally 
of  a yellow  colour  from  the  prefence  of  iron  ; but 
which  m'ay  be  obtained  more  pure  by  a fecond 
dift  illation. 

Muriatic  acid  naturally  exilts  in  the  form  of 
gas.  It  is  not  inflammable — extinguiflies  combuf- 
tion,— and  proves  fatal  to  life.  It  has  a penetrat- 
ing fmell,  and  even  when  mixed  with  atmofphe- 
ric  air,  occafions  a fenfe  of  fuffocation.  Its  fpeci- 
fic  gravity  is  to  that  of  atmofpheric  air  as  5 to  3. 
It  is  not  adled  on  by  any  of  the  Ample  gases,  but 
attrads  the  water  they  contain.  It  oxy dates  fe- 
veral  of  the  metals,  and  is  abforbed  by  phofphor- 
us,  charcoal,  oils,  and  alkohol.  ' By  the  eledric 
fpark  its  volume  is  enlarged,  owing  to  the  produc- 
tion of  hydrogen,  from  the  decompofition  of  its 
water. 

Muriatic  acid  gas  has  a ftrong  attradion  to  wa- 
ter ; it  is  rapidly  abforbed  by  it,  and  in  very  large 
quantity,  caloric  being  at  the  fame  time  evolved. 
In  the  common  liquid  muriatic  acid  which  this  fo- 

lution  forms,  the  water  is  feldom  faturated,  when 

the 
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thefpecific  gravity  is  1. 196,  it  contains,  accordingto 
the  experiments  of  Mr.  Kirwan,  25.28  parts  of  real 
acid.  It  is  highly  corrolive,  reddens  deeply  the 
vegetable  colours,  and  poflefles  ail  the  general  a- 
cid  properties.  It  ufually  emits  white  fumes, 
which  are  merely  the  muriatic  acid  efcaping  from 
it,  and  condenfing,  by  combining  with  the  humi- 
. dity  of  the  atmofphere. 

Muriatic  acid  exerts  much  lefs  adllon  on  the 
inflammables  or  metals,  than  the  acids  hitherto 
confidered,  as  it  cannot  afford  them  oxygen.  It 
can  only,  by  a difpofing  affinity,  enable  thofe 
metals  which  have  a flrong  attradlion  to  oxygen, 
to  decompofe  the  water  with  which  it  is  com- 
bined. An  evolution  of  hydipgen,  therefore, 
attends  thefe  a£lions. 

It  combines  with  the  alkalis,  forming  falts, 
termed 'Muriats.  They  have,  in  general,  a (harp 
tafle  ; they  fuffer  decompofition  from  the  fulphu- 
ric  and  nitric  acids,  thefe,  exerting  a flronger  at- 
tradlion  to  its  bafe ; they  are  not  decompofed  by 
heat. 

Muriat  of  Potash  is  formed  by  the  dire£t 
combination  of  its  principles ; it  has  a bitter  fait 

S f tafte, 
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tafte,  is  foluble  in  three  parts  of  cold,  and  two  of 
boiling  water,  the  latter  folution  cryftallizing  on 
cooling.  It  is  fufcd  by  heat,  without  dccompofi- 
tion.  According  to  Kirwan,  it  confifts  of  46 
parts  of  alkali,  36  of  acid,  and  1 8 of  water.  It  is 
decompofed  by  the  fulphuric  and  nitric  acids 
which  combine  with  its  balls,  and  by  barytes* 
which  attradls  its  acid. 

Muriat  of  Soda  is  one  of  the  mod  abundant 
produdlions  of  nature.  The  water  of  the  ocean  owes 
its  fa-ltnefs  to  it : it  is  found  in  a number  of  mine- 
ral fprings,  and  it  forms  immenfe  llrata  in  the 
earth.  According  as  it  is  obtained  from  thefe 
fources,  it  is  named  Sea  Salt  or  Rock  Saif.  Rock 
Salt  is  hard,  frequently  tranfparent,  and  coloured, 
from  the  prefence  of  iron.  It  is  dug  in  large 
' quantities  from  feveral  mines  in  Europe.  Sea 
fait  is  obtained  in  warm  climates,  by  fpontaneous 
evaporation ; in  colder  countries,  by  evaporation 
from  the  application  of  heat ; or  fometimes  both 
thefe  methods  are  employed  in  the  procefs.  It  is 
in  general  more  or  lefs  impure,  from  the  intermix- 
ture of  other  falts  which  the  fea  water  contains. 
Thefe  render  it  deliquefeent,  give  it  a bitter  tafte, 
and  conliderably  impair  its  antifeptic  power. 
Various  procellcs,  therefore,  are  pradifed  to  free 

it 
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it  from  them.  For  chemical  purpofcs,  it  is  moil 
completely  purified,  by  adding  to  its  folution  car- 
bonat  of  foda,  as  long  as  any  cloudinefs  is  produ- 
ced, filtering  the  folution,  and  evaporating  it,  fo 
as  to  caufe  it  to  cryftallize. 

Muriat  of  Soda  has  a fait  agreeable  tafte,  it  is 
foluble  in  rather  lefs  than  3 parts  of  water  at  the 
temperature  of  60,  and  is  not  more  foluble  at  any 
higher  temperature,  even  to  212°.  Its  folution  by 
fpontaneous  evaporation  affords  cry  Hals,  which 
are  regular  cubes ; thefe  neither  deliquefce  nor 
efflorefce  on  expofure  to  the  air  5 they  decrepi- 
tate on  being  heated ; are  fufed  in  an  intenfe  heat ; 
and  even  volatilifed  without  decompofition.  They 
confiil  of  35  of  foda,  and  nearly  40  of  real  acid, 
the  remaining  25  parts  being  moilly  water  of 
compofition.  , 

I 

This  fait  is  decompofed  by  the  fulphuric  and 
nitric  acids,  and,  in  the  dry  way,  by  the  phofpho- 
ric  and  boracic.  It  is  alfo  decompofed  by  barytes, 
and  potaih.  One  of  the  moil  important  practi- 
cal problems  in  chemiilry  is  to  decompofe  it  fo  as 
to  obtain  its  alkali.  This  has  been  done  by 
potaih,  by  the  oxyds  of  lead  and  iron,  by  ful- 
phuric 
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phuric  acid,  and  by  various  other  fubflances ; 
but  perhaps  no  procefs  has  yet  been  difeovered, 
capable  of  being  carried  on  to  much  advantage 
on  a large  fcalc. 

Muriat  of  Ammonia This  fait  is  the  fal-am- 

inoniac  of  commerce,  which  has  been  long  ufed 
in  the  arts.  It  is  found  native,  but  for  ufe  is  al- 
ways prepared  by  art,  by  various  indiredl  procefles 
in  which  the  ammonia,  one  of  its  conftituent  prin- 
ciples, is  derived  from  animal  matter ; and  the  mu- 
riatic acid  from  fea  fait.  It  is  fublimed  in  the  u- 
fual  mode  of  preparing  it,  and  is  therefore  met 
with  in  large,  hard,  femifpherical  cakes,  with  a 
flight  degree  of  tranfparency,  and  having  a tex- 
ture fomewhat  dudile.  It  is,  however,  capable 
of  cryftallization.  The  tafte  of  this  fait  is  acrid : 
It  requires  for  its  folution  34  parts  of  water  at  a 
medium  temperature,  and  only  an  equal  part  of 
boiling  water.  It  is  volatilifed  by  heat,  with  little 
or  no  decompofition.  It  contains  30  parts  of  am- 
monia, 35  of  acid,  the  remaining  35  parts  being 
partly  water  of  cryftallization,  and  partly  water 
of  compofition.  In  its  fublimed  ftate,  it  conlifts 
of  25  of  alkali,  42  of  acid,  and  32  of  water. 


Muriat 
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Muriat  of  ammonia  is  decompofed  by  the  ful- 
phuric  and  nitric  acids,  which  combine  with  its 
bafe,  and  by  the  two  fixed  alkalis  and  feveral  of 
the  earths,  which  attradl  its  acid. 


OXYGENATED  MURIATIC  ACID. 

Muriatic  Acid  is  capable  of  combining  with  a 
quantity  of  oxygen.  By  this  combination,  how- 
ever, its  acid  powers  are  not  increafcd,  but  di- 
minifiied ; it  has  a Icfs  attradlion  to  water ; has  « 
Ityptic,  inftead  of  a four  tafte  ; inftead  of  redden- 
ing the  vegetable  colours,  it  renders  them  white  ; 
and  its  attractions  to  the  alkalis  and  earths  are 
much  weaker  than  thofe  of  the  pure  acid.  It  is 
evident,  that  the  difference  between  thefe  two 
ftates  of  this  acid,  is  not  analogous  to  the  differen- 
ces in  the  other  acids,  arifing  from  the  difference 
in  the  degree  of  their  oxygenation ; a peculiar 
nomenclature  is  therefore  ufed  to  exprefs  it : — the 
name  Oxygenated  Muriatic  Acid,  or,  as  fome 
have  contracted  it,  Oxy-muriatic  Acid,  being  giv- 
en to  the  compound  formed  by  the  muriatic  acid 
with  oxygen. 


This 
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This  combination  cannot  be  effe£led  by  mix- 
ing together  the  muriatic  acid  and  oxygen  gases, 
the  attraction  between  their  bafes  not  being  fuf- 
ficiently  flrong  to  overcome  the  repulfive  force  of 
the  caloric  in  each  gas.  But  the  combination  is 
effedted  with  facility,  by  prefenting  oxygen  in  its 
nafeent  date  to  the  muriatic  acid.  This  may  be 
done  by  dillilling  the  acid  from  any  of  the  metal- 
lic oxyds  in  which  the  oxygen  is  not  retained  by  a 
llrong  attradlion ; and  it  was  by  this  procefs  that 
Schccle,  the  difeoverer  of  this  acid,  obtained  it. 
The  black  oxyd  of  manganefe,  \yhich  is  found  in 
abundance  in  the  earth,  is  commonly  ufed.  One 
part  of  it  is  put  into  a retort,  and  4 parts  of  muri- 
atic acid,  diluted  with  an  equal  weight  of  water, 
is  poured  upon  it.  An  effervefcence  is  produced ; 
and,  by  the  application  of  a moderate  heat,  a gas 
is  difeharged,  formed  from  the  combination  of  the 
muriatic  acid  with  part  of  the  oxygen  of  the  oxyd 
of  manganefe.  The  procefs  is  more  economical, 
when  the  materials  from  which  the  common  muri- 
atic acid  is  obtained  are  merely  mixed  with  man- 
ganefe : 3 parts  of  muriat  of  foda,  mixed  with  i 
part  of  the  black  oxyd,  are  put  into  a retort,  and  2 
parts  of  fulphuric  acid,  diluted  with  part  of 
water,  are  poured  upon  the  mixture.  A moderate 

heat 
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heat  is  applied  ; the  fulpliuric  acid  combines  with 
the  foda  of  the  muriat  of  foda  ; and  the  muriatic 
acid  difengaged,  attrading  the  oxygen  of  the  me- 
tallic oxyd,  forms  the  oxygenated  muriatic  acid. 
It  exifts  in  the  date  of  permanent  gas ; by  cauf- 
ing  it  to  pafs  through  water  placed  in  the  receiv- 
ers conneded  with  the  retort,  the  liquid  oxygenat- 
ed muriatic  acid  is  obtained.  The  combination 
of  the  oxygen  with  the  muriatic  acid  in  this  pro- 
ccfs,  it  has  juftly  been  obferved  by  Vauquclin,  is 
not  the  effed  of  the  Ample  attradion  exerted  be- 
tween them ; but  of  that  attradion,  promoted  by 
the  difpofing  affinity  of  the  manganefe  to  combine 
with  the  muriatic  acid,  in  a lefs  perfed  date  of 
oxydation  than  that  in  which  it  exids  in  the  black 
oxyd. 

Oxygenated  muriatic  acid  is  a gas  permanently 
eladic ; when  water  is  faturatcd  with  it,  the  com- 
pound indeed  becomes  concrete,  or  crydallizes,  but 
the  pure  gas  itfelf  cannot  be  condenfed.  It  is 
heavier  than  atmofpheric  air  j is  of  a yellow  colour, 
with  a tinge  of  green ; and  of  all  the  gases  is  mod 
noxious  to  : even  when  diluted  with  a 

large  quantity  ; /lofpheric  air,  it  occafions 
a difficulty  of  breathing,  and  a fevere  fenfe  of 
dridure  at  the  bread,  which  renders  it  impodiblc 


to 
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to  make  a full  infpiration  ; and  thefe  fymptoms, 
often  accompanied  with  others,  continue  for  a 
confiderable  time. 

noxious  to  life,  this  gas  does  not  ex- 
iftion ; it  is  even  capable  of  inflaming 
feveral  fubftances  at  a moderate  temperature.  This 
is  the  cafe  with  phofphorus,  fulphur,  and  many 
of  the  metals  ; and  when  a burning  taper  is  in- 
troduced into  it,  it  burns  more  vividly  than  in  at- 
mofpheric  air.  It  alfo  decorapofes  ammoniacal 
gas  with  inflammation,  fn  order  that  thefe  effeds 
may  be  fully  obtained,  it  is  necelTary  that  the  gas 
fhould  be  pure,  and  that  its  temperature  fhould 
be  above  70®  of  Fahrenheit.  Thefe  experiments 
clearly  prove,  that  the  repulfive  power  of  caloric 
is  frequently  more  powerful  than  even  a chemical 
affinity  in  counterading  combination,  lince  fub- 
llances  burn  in  this  acid  gas  at  a lower  tempera- 
ture than  they  do  in  pure  oxygen  gas. 

Oxygenated  muriatic  acid  gas,  mixed  with 
hydrogen,  renders  it  capable  of  being  inflamed 
by  the  eledric  fpark  ; added  to  the  nitrous  gas,  it 
converts  it  into  nitrous  acid,  and  fulphurcous  into 
fulphuric  acid. 


i|^^Though  fo 
tinguiflicomb 
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This  acid  combines  with  water,  though  in 
much  lefs  quantity  than  the  fimple  muriatic  acid, 
the  water  not  taking  up  above  twice  its  bulk. 
When  the  water  is  fully  faturated  with  it  at  a 
low  temperature,  the  combination  becomes  con- 
crete. The  folution  has  a yellow  colour,  a ftyptic 
bitter  tafte,  and  a very  fuffocating  odour.  The 
gas  is  eafily  expelled  from  it  by  heat ; by  light,  it 
is  dccompofed,  the  oxygen  of  the  oxygenated  acid 
being  feparated. 

This  liquid  acid  has  nearly  the  fame  relations 
to  the  other  chemical  agents  as  it  has  in  the  date 
of  gas.  It  oxydates  the  inflammables  and  the 
metals,  and  pafles  to  the  ftaite  of  fimple  muriatic 
acid.  Thefe  oxydatidns  are  not  accompanied 
with  the  extrication  of  hydrogen  ; becaufe  the 
metal  receives  its  oxygen,  not  from  the  water,  but 
from  the  acid.  As  the  oxygen  is  retained  in  the 
oxygenated  muriatic  acid  by  a very  weak  attrac- 
tive force,  even  thofe  metals  that  have  the  weak- 
efl;  attradli'on  to  it  are  oxydated. 

The  moll  remarkable  and  important  property 
which  this  acid  poflefles  is  that  of  deflroying  the 
vegetable  colours.  It  renders  almoft  every  kind  of 
vegetable  matter  perfectly  white,  and,  from  this 

T t property, 
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property,  has  been  applied  to  the  art  of  bleaching 
with  the  greateft  advantage.  It  is  to  Berthollet 
principally  that  we  aj>e  indebted  for  this  fuccefs- 
ful  application  of  chemical  fcience. 

In  this  method,  the  common  procefs  of  bleach- 
ing is  imitated,  fubftituting  the  application  of  the 
dilute  acid  for  expofure  to  the  air  and  light.  The 
cloth  is  expofed  alternately  to  the  adion  of  an  al- 
kaline ley  and  of  this  diluted  acid,  till  the  colour 
is  difcharged  ; it  is  waflied  with  foap ; is  im- 
merfed  in  very  diluted  fulphuric  acid,  by  which 
the  whitenefs  is  improved ; and  is,  laftly,  expofed 
to  the  air  for  a few  days,  to  carry  off  completely 
the  fmell  of  the  oxygenated  acid.  In  place  of  the 
pure  acid  diluted  with  water,  a liquor,  in  which  it 
is  condenfed  by  potalh  or  lime,  is  now  generally 
ufed,  as  being  much  lefs  ofFenfive  to  the  operator. 

I 

I 

The  theory  of  the  adion  of  the  oxygenated 
muriatic  acid  in  bleaching,  as  Hated  by  Berthollet, 
is  fimple  and  fatisfadory.  It  is  perfedly  analo- 
gous to  the  fame  procefs  conduded  by  expofure 
to  air,  water,  and  light.  The  end  obtained 
by  either  is  the  combination  of  oxygen  with 
the  colouring  matter  of  the  vegetable  ; the 
colour  is  thus  nearly  deflroyed,  and  the  mat- 
ter 
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ter  on  which  it  depends  is  at  the  fatne  time  ren- 
dered foluble  in  the  alkaline  folution.  Hence  the 
ncceffity  of  the  alternate  applibation  of  thefe  two 
agents,  the  one  removing  what  the  other  has  ren- 
dered foluble,  and  which,  although  whitened, 
would  in  time  regain  part  of  its  colour.  The  on- 
ly difference  between  the  two  proceffes  is,  that  in 
the  one  the  oxygen  is  prefented  in  a much  more 
concentrated  ftate  than  in  the  other,  and  there- 
fore produces  the  fame  effebl  in  a much  fliorter 
time.  In  the  fubfequent  fteps,  the  walking  with 
foap  removes  the  difagreeable  fmell  of  the  oxygen- 
ated acid,  and  gives  a gloffy  appearance  to  the 
cloth ; and  the  diluted  fulphuric  acid  improves  its 
whitenefs,  by  diffolving  the  fraall  portion  of  iron 
and  calcareous  earth  in  the  thread,  and  any  colour- 
ing matter  that  may  have  refilled  the  adlion  of 
the  alkali.  i 

Oxygenated  muriatic  acid  combines  with  the 
alkalis  and  earths,  forming  neutral  falts,  termed 
Oxygenated  Muriats,  or  Oxy-muriats,  and  which- 
differ  entirely  in  their  properties  from  the  common 
muriats.  They  are  particularly  dillinguilhed  by 
affording  very  pure  oxygen  when  expofed  to  heat, 
and  by  deflagrating,  or  detonating  violently  with 
inflammable  fubllances,  by  mere  friblion.  The 

oxygenated 
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oxygenated  muriatic  acid  gas  difplaces  the  car- 
bonic acid  from  the  alkaline  carbonats;  the  liquid 
acid  does  not,  but  forms  a kind  of  triple  fait. 

Oxygenated  Muriat  of  Potash.— To  prepare 
this  fait,  the  ufual  materials  for  preparing  the  oxy- 
genated muriatic  acid  are  put  into  a retort,  con- 
neded  with  Woulfe’s  apparatus.  An  alkaline  fo- 
lution  is  prepared  by  diflblving  4 parts  of  fub-car- 
bonat  of  potafh  in  20  parts  of  water,  abftrading 
its  carbonic  acid  by  quicklime,  and  filtering  the 
liquor.  This  folution  is  put  into  the  receivers,  the 
firft  being  left  empty,  and  they  are  carefully  lut- 
ed. On  heat  being  applied  to  the  retort,  the  ox- 
ygenated acid  is  difengaged,  and,  being  made  to 
pafs  through  the  liquor,  combines  with  the  alkali. 

It  is  fingular,  that  the  oxygenated  muriatic  acid 
does  not  combine  diredly  with  the  alkali,  but  fuf- 
.fiers  a partial  decompofition.  One  part  of  it  pafles 
to  the  ftate.  of  muriatic  acid,  and  forms  muriat  of 
potafh ; the  other  part  receives  the  oxygen  with 
which  the  former  parted,,  and  combines  'vnth  ano- 
ther portion  of  alkali,  forming  a fait,  in  which  the 
acid  exifts  with  a larger  proportion  of  oxygen  than 
it  contains  in  its  ufual  ftate  of  oxygenated  acid. 
This  fait,  therefore,  is,  properly  fpeaking,  not  an 

oxygenated 
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oxygenated  muriat,  but  a hyper-oxygenated  muriat 
ofpotajh.  Thefe  apparently  fingular  Combinations 
feem  to  be  owing,  as  Vauquelin  has  remarked,  to 
difpofing  affinities,  to  the  ftronger  attradlion  of  the 
alkali  to  muriatic,  than  to  oxygenated  muriatic 
apid,  affifted  by  the  attradlion  which  the  latter 
has  for  a Hill  larger  portion  of  oxygen. 

The  hyper-oxygenated  muriat  being  much 
more  fparingly  folublc  in  water  than  the  common 
muriat,  is  depolited  in  fmall  cryftalline  plates,  to- 
wards the  end  of  the  procefs.  To  obtain  it  per- 
fedlly  pure,  it  may  be  dilTolved  in  boiling  water, 
this  folution  cryftallizing  on  cooling.  Thefe  cryf- 
tals  are  neither  deliquefeent  nor  efflorefeent;  they 
are  foluble  in  1 7 parts  of  cold,  in  2^  of  boiling  wa- 
ter. The  tafte  of  the  fait  is  cool  and  penetrating; 
it  is  free  from  the  odour  of  the  acid,  but  retains  its 
power  of  deftroying  the  vegetable  colours,  though 
when  added  m a fmall  proportion,  many  of 
thefe  colours  are  rather  heighteiled.  Expofed 
to  heat,  it  is  firft  fufed,  and  then  decompofed;  pure 
oxygen,  amounting  to  half  its  weight,  being  given 
out,  when  the  bottom  of  the  veflel  is  heated  to 
rednefs.  Part  of  its  oxygen  is  alfo  difengaged  by 
mere  fridlion.  The  acids  decompofe  it,  difengag- 
ing  a large  quantity  of  oxygenated  muriatic  acid, 

Avith 
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with  decrepitations  and  flight  flaflies  of  light,  and 
with  an  explofion,  if  heat  is  applied. 

The  niutual  action  of  this  fait,  and  inflammable 
fubftances,  is  extremely  violent.  When  one  or 
two  grains  of  it  are  mixed  with  half  the  quantity 
of  fulphur  or  of  charcoal,  and  merely  triturated, 
a violent  detonation  is  produced.  Similar  effedts 
are  produced  from  triturating  it  with  other  in- 
flammable fubftances,  or  with  the  metals ; in  Ibme 
cafes,  even  more  violent,  and  m all  of  them  fo 
much  fo,  that  the  experiment  cannot  be  i'afelj 
made  with  more  than  two  or  three  grains.  When 

thefe  mixtures  are  ftruck  with  a hammer,  the  de- 

» 

tonation,  being  more  hidden,  is  more  violent,  and 
is  often  accompanied  with  a flafh  of  light.  They 
are  likewife  inflamed  by  fulphuric,  and  fome  of 
them  by  nitric  acid,  with  lefs  detonation,  but 
with  more  light. 

Thefe  violent  adliohs  depend  on  the  very  large 
quantity  of  oxygen  which  this  fait  contains,  and 
which  it  retains  by  a weak  attractive  force.— 
When  triturated  with  an  inflammable  body,  or 
when  the  mixture  is  ftruck,  this  oxygen  is  con- 
ceived to  be  brought  by  the  preflTure  into  clofcr 

contact  with  the  particles  of  the  inflammable  fub- 

ftance 
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fiance  ; an  inftantaneous  combination  of  them 
is  effeded ; and  the  produ6l  of  the  combination 
being  either  a gas  or  a fubftance  forced  into  the 
gafeous  form  by  the  large  quantity  of  caloric  fud- 
denly  extricated,  — this  ftriking  on  the  futround- 
ing  atmofphere  is  the  caufe  of  the  report.  When 
an  acid  is  dropped  on  thefe  mixtures,  oxygenated 
muriatic  acid  gas  is  difengaged,  but  being  pre- 
fentcd  in  its  nafcent  Hate  to  the  inflammable 
matter  prefent,  the  latter  attradls  its  oxygen,  and 
the  fame  efledl ' is  produced,  lefs  violent  indeed,^ 
becauie  more  fucceflive. 

Oxygenated,  or  hyper-oxygenated,  Muriat 
OF  Soda  refembles  that  of  potafh  in  the  greater 
number  of  its  properties.  It  differs  from  it  in 
being  cryflallizcd  with  difficulty,  in  its  cryftals 
being  deliquefcent  and  foluble  m alkohol.' 

The  combination  of  oxygenated  muriatic  acid 
with  Ammonia  cannot  be  formed  ; as  when  the 
acid  is  added,  the  ammonia  is  decompofed. 

NITRO-MURIATIC  ACID.  ' 

' 

This  is  a compodnd  acid,  fimilar  to  the  oxygenat- 
ed muriatic.  It  is  formed  by  adding  one  part  of 


muriatic 
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muriatic  acid  to  two  parts  of  nitric ; the  former  I 
attracts  part  of  the  oxygen  of  the  latter,  which  is  J 
thus  converted,  partly  into  nitrous  acid  and  part- 
ly  into  nitrous  gas,  while  the  muriatic  becomes  i 
oxygenated.  This  decompofition,  according  to 
the  remark  of  Vauquelin,  is  the  effedl  of  concur-r  ' 
ring  affinities,  of  that  of  the  muriatic  acid  to 
oxygen,  and  that  of  the  nitric  acid  to  nitrous  gas.  ' 
The  compound  produced  is  a mixture  or  combina- 
tion of  oxygenated  muriatic,  and  nitrous  acids ; •’ 

and  when  faturated  with  an  alkali  or  earth,  affords  j 
the  falts  which,  thefe  acids  form.  .In  its  properties 
it  refcmbles  the  oxygenated  muriatic.  It  is  ufed 
principally  in  the  arts  as  the  folvent  of  gold. 

% 

Se5i.  II.  — . — ' Fluoric  Acid. 


This  is  the  lecond  of  the  acids  whofe  compo- 
lition  is  unknown.  It  was  difcovered  by  Scheele. 
Combined  with  lime,  it  forms  a foffil,  known  to 
mineralogies  by  the  name  of  Fluor  Spar,  and 
hence  it  was  named  the  Fluoric  or  Sparry  Acid. 
To  obtain  it,  one  part  of  fulphuric  acid  is  added 
to  an  equal  weight  of  fluor  fpar  coarfely  powder- 
ed, and  'a  moderate  heat  applied  : the  fulphuric 
acid  exerts  a droiiger  attradion  to  the  lime ; the 

fluoric 


I 


FLUORIC  ACID. 


329 

fluoric  is  difengaged,  and  alTumes  the  gafeous  ’ 
form.  This  gas  is  heavier  than  atmofpheric  air ; 
it  has  a pungent,  fufFocating  odour  ; is  incapable 
of  fupporting  combuftion ; is  abforbed  bj  water, 
and  poflelTes  all  the  general  properties  of  acids. 
The  watery  folution  retains  thefe  properties,  is 
cauflic,  and  when  faturated  emits  white  fumes. 

The  diftinguifhing  property  of  this  acid  is  its 
power  of  diflblving  filiceous  earth,  which  refills  the 
action  of  every  other  acid.  This  earth  is  diflTolved 
by  it  very  rapidly,  and  is  retained  in  a ftate  of 

combination,  while  it  exifls  in  the  flate  of  gas 

* 

but  the  contact  of  water  pi;ecipitates  the  whole  or 
the  greater  part  of  it,  forming  a cruft,  or  precipi- 
tate, the  gas  being  abforbed.  The  faturated  wa- 
tery folution  of  the  acid  is  likewife  capable  of  dif- 
folving  the  earth.  From  this  property,  leaden  vef- 
fels  muft  be  ufed  in  preparing  and  preferving  it, 
filiceous  earth  being  an  ingredient  of  glafs. 

The  aftion  of  this  acid,  either  in  the  ftate  of 
gas  or  combined  with  water,  upon  the  inflamma- 
ble fubftances  or  upon  the  metals,  is  very  inconfi- 
derable'  as  it  cannot  afford  to  them  oxygen. 

It  combines  with  the  alkalis  and  earths,  form- 
ing falts,  termed  Fluats.  They  are  generally  de- 
liquefcent,  and  not  eafily  cryftallized.  They  are 
decompofed  by  the  fulphuric,  nitric,  and  muriatic 

U u acids 
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acids ; and  the  alkaline  fluats  are  alfo  decompof- 
ed  by  lime.  They  adl  upon  liliceous  earth  ; the  j 
earth,  alkali,  and  acid,  forming  a triple  compound. 

— Fluat  of  Potash  is  very  foluble  in  water,  and  j 
its  folution  may  be  evaporated  to  the  confiftence  i 
of  a jelly,  without  obtaining  any  diftindl  cryftal-  1 
lization  ; it  is  melted  and  decompofed  by  heat.—»- 
Fluat  of  Soda  has  limilar  properties:  it  is  rather 
lefs  foluble  in  water,  and  decrepitates  on  expofure 
to  a red  heat.— Fluat  of  Ammonia  forms  a gela- 

I 

tinous  folution  in  water,  which  depofits  fmall  , 
cryftals  that  are  deliquefcent : they  are  melted  , 
by  heat,  and  fublimed  with  partial  decompofition. 


Se5l.  III.  — — Boracic  Acid.  ] 

This  is  the  laft  of  the  undecorapofed  acids.  It  ^ 
does  not  exift  in  great  quantity  in  nature.  The  | 
combination  of  it  with  foda  is  a native  produc-  j 
tion,  dug  in  an  impure  date  from  the  bottom  of  j 
certain  lakes  in  Thibet.  When  purified,  it  forms 
the  borax  of  commerce  ; and  it  is  from  this  fait  | 
that  the  boracic  acid  is  obtained.  Any  quantity  J 

> i 

of  it  is  dilfolvcd  in  hot  water  ; and  fuJphuric  acid 

! 

is  added,  till  the  folution  has  an  acid  tafte  : as  it  ^ 
cools,  white  fcales  are  depofited.  Thefe  are  the 
boracic  acid;  they  are  \vafiied  with  cold  water, 

- to 


BORACIC  ACID. 


33t 

to  carry  off  any  adhering  fulphuric  acid,  or  ful- 
phat  of  foda,  and  arc  again  cryftallized.  It  may 
likewife  be  obtained  by  fublimation,  from  2 parts 
of  borax,  r of  fulphuric  acid,  and  i of  water. 

Boracic  acid  is  in  the  form  of  brilliant  white 
fcales,  foft  and  fomewhat  unctuous  to  the  touch. 
Its  tafte  is  bitterifh,  with  a flight  degree  of  four- 
nefs  ; it  reddens  the  vegetable  colours ; is  foluble 
in  20  parts  of  cold,  and  5 of  boiling  water  ; it  is 
foluble  in  alkohol,  which  it  caufes  to  burn,  when 
kindled,  with  a green  flame  ; 'it  is  fufed  by  heat 
into  a perfect  glafs,  without  undergoing  any  o- 
ther  change  : it  is  not  volatilifed  by  the  moft  in- 
tenfe  heat;  but  if  heated  with  water,  is  carried  up 
by  its  attraction  to  the  aqueous  vapour. 

Boracic  acid  combines  with  the  alkalis  and  fe- 
veral  of  the  earths,  forming  falts,  termed  Borats. 
Thefe  communicate  a green  colour  to  the  flame  of 
alkohol ; they  are  decompofed  by  almofl;  all  the  a- 
cids  in  the  humid  way  ; but  in  the  dry  way,  at  a 
high  temperature,  the  boracic  acid  is  able  from  its 
fixity,  to  decompofc  the  falts  which  feveral  of  thefe 
acids  form.  It  has  a ftronger  attraction  to  the 
earths  than  to  the  alkalis. 

Borat  of  Potash. — Its  properties  arc  little 
known.  It  has  a tendency  to  attraCl  an  cxcefs  of 
alkali ; is  foluble  in  water,  affording,  by  flow  eva- 
poration 
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poration,  prifmatic  cryftals,  which  are  not  chang- 
ed by  expofurc  to  the  air.  It  is  vitrified  by  heat. 

Borai  of  Soda.  — This  fait,  when  perfedtly 
neutral,  cannot  be  cryftallized.  When  it  has  an 
excefs  of  alkali,  it  forms  the  borax  of  commerce, 
which  is  a native  production.  The  tafte  of  borax 
is  cool,  and  fomewhat  alkaline,  and  it  changes 
the  vegetable  colours  to  a green.  It  Is  foluble  in 
12  parts  of  cold,  and  in  6 parts'  of  boiling  water ; 
expofed  to  heat,  it  undergoes  the  watery  fufion  ; 
and  by  a ftronger-heat  is  vitrified  without  decom- 
pofition.  According  to  Bergman,  it  confifls  of  34 
parts  of  acid,  17  of  foda,  and  49  of  water. 

Borax  OF  Ammonia  can  hardly  be  obtained  ' 
in  the  folid  ftate  • as  when  ammonia  is  faturated 
with  boracic  acid,  on  evaporating  the  folution,  the  ^ 
greater  part 'of  the  ammonia  is  expelled.  By 
fpontaneous  evaporation  a fait  has  been  obtained  ? 
in  fraall  prifmatic cryftals,  having  a fliarp  tafte,  and  ^ 

changing  the  vegetable  colours  to  a green,  evi- 
dently  containing,  therefore,  an  excefs  of  alkali.  1 ^ 
Boracic  acid  fcarcelj  acts  upon  the  metals,  but 
may  be  combined  with  their  oxyds.  | 
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